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Cretaceous/Paleocene Boundary
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Department of Earth, Atmospheric, and Planetary Sciences,
Massachusetts Institute of Technology

and the
Department of Marine Geology and Geophysics,
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on February 8, 1993
in partial fulfillment of the requirements I

for the Degree of Doctor of Philosophy I
ABSTRACT

The Maestrichtian biogeography of calcareous nannoplankton is 3
investigated in order to characterize paleoenvironmental conditions in the
marine photic zone during the latest Cretaceous. Different theories explaining
the biospheric turnover at the Cretaceous/Paleocene (K/P) boundary have
alternatively suggested or denied substantial environmental perturbations
during the last -500 ky of the Cretaceous. The purpose of this study is to
determine whether evidence from calcareous nannoplankton supports a
gradual (or stepwise) decline of the photic zone environment presaging the I
K/P boundary.

In order to achieve this goal a detailed quantitative study of the
biogeography of calcareous nannoplankton was carried out in three time I
slices from early and late Maestrichtian. Well preserved material was
investigated from five sections: Ocean Drilling Program Site 690 in the Atlantic
sector of the Southern Ocean represents the Maestrichtian high southern
nannoplankton province. Indian Ocean Sites 217 and 761, South Atlantic Site
528 and the land based, epicontinental section from Millers Ferry, Alabama,
represent the Maestrichtian mid-/low latitudinal bioprovince. Quantitative I
counts were performed on settling slides under the light microscope.
Occasionally scanning electron microscopy was employed to resolve taxonomic
uncertainties. 3

A pronounced turnover from early to late Maestrichtian occurred in the
nannoplankton in high southern latitudes. Numerous taxa (Biscutum boleturmn,

D. coronum, D. dissimilis, B. mnag.gnum, Misceomarginatus spp., Monomarginatus
spp., Neocrepidolithus wakinsio, aNephrolithus cor vstus, Octocyclus ma.gnas,

Phanulithus.obscurunsi, Pskaosphaera firthii, and Reinhardtites spp.) that are
restricted to (or most abundant in) high southern latitudes became extinct in I
the latest early and earliest late Maestrichtian (between -72.4 and 70.4 Ma),
resulting in a loss of about one third of the early Maestrichtian

I



3 5

nannoplankton (corresponding to -20-25% of the assemblage). It is argued
that the extinctions are not a consequence of temperature changes alone.
Instead they may be a consequence of increased surface water fertility (and
only secondarily due to a temperature decrease).

In addition to the extinctions, about another third of all taxa present
(Biscutum constans, B. notaulum., Bisutum sp. 1, C hLQ.iastozyg• C.
amphipons, D Jukrdij& ignmtus, Rhombolithion rhombicum, ScaphoQitbus
fossilis, 1a.LJrlithite laffittei, Watznaueria barnesae, Zvgodiscus compactus,
and Z. diDlogrammus) disappeared from high southern latitudes during the
same time interval (-72.4 and 70.4 Ma) but persisted until the end of the
Maestrichtian in lower latitudes. These geographic restrictions are interpreted
as a consequence of global cooling. No comparable changes were recorded in
mid- and low latitudes in the early Maestrichtian, but this may represent an
artifact of sampling.

While previous speculations on the paleoenvironmental preferences of
some nannofossil taxa have been confirmed, several commonly accepted
interpretations of the biogeographic significance of other taxa are
contradicted. Micula staurovhora seems to be a warm water indicator and
abundance peaks of this species cannot be attributed exclusively to diagenetic
effects. The biogeographic evolution of the high latitude taxon Ahmuellerella

Q:octoradiata does not correlate with temperature trends suggested from stable
isotope studies implying that this taxon is not a cold water indicator.
Abundance changes of other high latitude taxa (e.g. Nephrolithus freiquens,
Cribrosphaerella? daniae, Kamptnerius n llgmagnificus, and Gartnerago. spp.)
correlate roughly with temperature changes, but seem to respond only beyond
a certain threshold.

No gradual or stepwise extinctions were observed during the last 500 ky
of the Maestrichtian. Environmental perturbations as indicated by stable
isotope studies (e.g. warming pulse, circulation changes) led to abundance
fluctuations of a few taxa, but did not result in any extinctions. This supports
previous observations that the extinctions of the calcareous nannoplankton at
the K/P boundary were not presaged during the Maestrichtian.

T
i Thesis Supervisor: Dr. William A. Berggren, Senior Scientist
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INTRODUCTION

The Maestrichtian represents the last 8.1 m.y. of the Cretaceous (74.5 Ma I
- 66.4 '.A; Kent and Gradstein, 1985; Berggren et al., 1985). Its end (at 66.4 Ma:

Berggren et al., 1985) corresponds to the Cretaceous/Paleocene (K/P) I
boundary, when one of the most severe extinctions of life on Earth occurred

(e.g. Russell, 1977; Raup and Sepkoski, 1984). Pronounced changes of the 3
climate, surface water circulation, and stratification of the photic zone during

the Maestrichtian have been proposed (e.g. Douglas and Savin. 1975; Huber and 3
Watkins, 1992). Little micropaleontologic evidence is available to assess how

these changes affected the marine micro- and nannoplankton. Some authors

have concluded that stable ecological conditions prevailed in the photic zone

during the last 15 m.y of the Cretaceous (e.g. Thierstein, 1981). Others have

argued that environmental perturbations and long term climate shifts were 3
responsible for gradual extinctions in some groups of organisms (inoceramids,

dinosaurs; see Kauffman, 1984, for a review) during the Maestrichtian. 3
The extinction event at the end of the Cretaceous is one of the most

severe of the Phanerozoic (Raup and Sepkoski, 1984) but the mechanisms 3
causing the extinctions are still vehemently debated. The impact of an asteroid

(Alvarez et al., 1980) or of a comet (Hsui, 1980) has been proposed to explain the

abruptness of the K/P extinctions in numerous groups of organisms.

Progressive cooling (Stanley, 1984), possibly linked to massive volcanic

eruptions (Courtillot et al., 1986), and changes in the ocean circulation (deep 3
water formation) as a consequence of sea level fall (Brinkhuis and

Zachariasse, 1988) have been proposed as alternative mechanisms. 3
Paleontologic evidence in support of either mechanism has been presented

(e.g. Thierstein, 1982; Kauffman, 1984). 3
In this study I investigate the Maestrichtian biogeographic evolution of

the calcareous nannoplankton in order to determine how the changes in the

oceanic surface water habitat affected them. Biogeographic changes,

migrations, and extinctions of calcareous nannoplankton species are

documented and their causal relation to environmental perturbations are

explored. The biogeographic patterns observed in the early and mid-

Maestrichtian are compared to those of the last -500 ky of the Maestrichtian in

order to assess whether increased environmental stress could be documented. 3
I
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3 Calcareous nannoplankton are well suited to study the effect of proposed

oceanic environmental perturbations on the marine plankton for several

3 reasons. 1) The ubiquitous presence of fossil remains of calcareous

nannoplankton in calcareous marine sediments allows worldwide sample

3 coverage and comparisons between different paleoenvironments. 2) Due to the

small size and abundance of calcareous nannofossils, samples can be very

closely spaced, allowing high temporal resolution; only very little material is

necessary to conduct quantitative studies. 3) In contrast to previous synoptic

studies (Thierstein, 1981), material from high southern latitudes recovered by

the Ocean Drilling Project during the past few years is included in this

investigation. It is essential to include high and low latitudes sites in a3 biogeographic study of Maestrichtian calcareous nannoplankton, because of

the pronounced bioprovincialism that has been documented (e.g Wind, 1979a,

3 b; Wise, 1988).

I
I
I
I
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CHAPTER 1 I
MAESTRICHTIAN CLIMATE AND OCEANOGRAPHY 3

1) Global Temperature Gradients

Geological and paleontological evidence indicate that the Cretaceous

period was considerably warmer than today, with strongly reduced latitudinal

and vertical temperature gradients in the oceans (reviewed by Savin, 1977; I
compare also Barron et al., 1981). Polar ice caps did not exist (Miller and

Fairbanks, 1987) and ocean surface temperatures in low latitudes were 3
between 17°-20°C (similar to today), while bottom water temperatures ranged

from 5°-8*C (Douglas and Savin, 1971, 1973, 1975; Saito and Van Donk, 1974;

Savin, 1977; Saltzman and Barron, 1982) or 6.5*-100 C according to Shackleton

and Boersma (1984), which is much warmer than today's 1-3°C.

Latitudinal temperature gradients were lower than today: high

southern latitude surface water temperatures were -4.5*-10.5*C (Barrera et al..

1987). Studies of plant fossils from the North Slope of Alaska led Parrish and 3
Spicer (1988) to estimate that mean annual Arctic temperatures were 2°-8°C.

Coo~l&i[gTren

Oxygen isotope analyses of planktonic and benthic foraminifera, of fine

fraction carbonate (primarily calcareous nannofossils), and of well preserved

macrofossils (inoceramids) imply a general cooling trend during the Late

Cretaceous (Albian to Maestrichtian, Douglas and Savin, 1975). I
A temperature decrease in the early Maestrichtian of bottom and

surface waters was reported by Douglas and Savin (1975), Margolis et. al. 3
(1977), and Boersma (1984b) in low and mid-latitudes. Clauser (1987) reported a

cooling peak straddling the late Campanian/early Maestrichtian boundary 3
from a section near Bidart (southwest France). No temperature changes are

reported during the middle Maestrichtian (Boersma, 1984b). While Margolis et

al. (1977) reported a slight decline of surface- and bottom water temperatures

during the late Maestrichtian, Douglas and Savin (1975) reported a

temperature increase in the early Danian. Shackleton and Boersma (1984) I
indicated "somewhat higher mean surface temperatures" in the Paleocene

than in the Maestrichtian in the South Atlantic (Walvis Ridge, paleolatitude of 3
about 40°S). Zachos et al. (1989) reported cooling beginning in the latest

Cretaceous (about 200 ky before the K/P boundary) and a warming peak in the 3
I
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early Paleocene (-600 ky after the K/P boundary). Barrera and Huber (1990)

presented stable isotope evidence from the high southern Atlantic Ocean3 (Maud Rise) indicating that surface and deep waters cooled throughout the

Maestrichtian.

I Latest Maestrichtian Warming Pulse

Stott and Kennett (1990b) reported a brief warming pulse (-2 0 C) in the

latest Maestrichtian (between -66.9 and 66.6 Ma; i.e. this pulse did not straddle

the K/P boundary). Land plant evidence from the western interior of North3 America (Wyoming and North Dakota) also suggest a brief warming trend

during the last 350 ky (from early Subchron C29R) of the Maestrichtian

3 (Johnson, 1992).

Deep Water Formation

Ocean bottom waters were much warmer than they are today (see

above). Two hypotheses exist for deep water formation in the Cretaceous

oceans: 1) formation of dense, saline waters on subtropical shelves where

evaporation exceeded precipitation (Brass et al., 1982); and 2) deep water

formation due to cooling in high latitudes (e.g. Barrera et al., 1987). Brinkhuis

and Zachariasse (1988) speculated that the regression at the K/P boundary led3 to the cessation of deep water formation; the resulting interruption of deep

ocean circulation and upwelling of nutrients from the deep ocean caused the

collapse of the marine ecosystem at the K/P boundary. This hypothesis,

however, does not explain the extinctions of terrestrial organisms.

3 Maestrichtian Sedimentary Cycles

Cyclic variations of carbonate content (expressed visually as red and3 white color cycles) occur in Upper Cretaceous - lower Cenozoic sediments in

the South-Atlantic. Herbert and D'Hondt (1990) interpreted these variations as3 resulting from precessional climate cycles. It has been shown that certain

calcareous nannofossil species fluctuate in response to orbital forcing (e.g.

Chepstow-Lusty et al., 1989; Beaufort and Aubry, 1990; Erba et al., 1992). This

has not yet been demonstrated for the Maestrichtian. The identification of

such taxa would be very valuable for paleoclimatic as well as stratigraphic3 investigations (see discussion in Herbert and D'Hondt, 1990).

I
I
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Sea level changes I
Haq et al. (1987) have reported a sea level fall at the early/late

Maestrichtian boundary as well as at the K/P boundary. Huber (1992a)

speculated that the mid-Maestrichtian sea level fall led to significant changes

in the ocean circulation and ended the isolation of the austral planktonic I
foraminiferal province. Brinkhuis and Zachariasse (1988) speculated about the

consequences of the sea level fall at the K/P boundary (see above). 3

2) Biospheric Changes at the Cretaceous/Paleocene boundary

and Extinction Hypotheses

Biosnheric Changes at the K/P boundary

Extinction or significant reduction of species diversity at the K/P

boundary are documented for groups as diverse as marine calcareous plankton 3
(foraminifera: Loeblich and Tappan, 1957; Luterbacher and Premoli-Silva,

1964; coccolithophorids: Bramlette and Martini, 1964), marine macrobenthos 3
(bivalves, brachiopods, bryozoans, echinoderms; see review by Hallam and

Perch-Nielsen, 1990) and marine nekton (belemnites: Christensen, 1976; 1
ammonites: Cobban and Scott, 1972, Wiedmann, 1964), as well as land

vertebrates (dinosaurs: Van Valen and Sloan, 1977; for an overview see

Kauffman, 1984). A major extinction event was also documented for land plants

(Johnson and Hickey, 1990). Some of these groups disappeared rather abruptly

(most calcareous marine plankton), others had already been on the decline 3
prior to the end of the Cretaceous (inoceramids, and dinosaurs; see Kauffman,

1984, for a review). Theoretical considerations by Signor and Lipps (1982) and 3
findings of recent fieldwork (summarized by Kerr, 1991) challenge this view

of gradual attrition and claim that the apparently gradual extinctions may be 3
sampling artifacts resulting from the increasing scarcity of macrofossils in

the strata below the boundary.

In contrast to the extinctions, some groups of organisms were little
affected by the K/P boundary event(s). These included some phytoplankton

groups, such as organic walled dinoflagellates (Brinkhuis and Zachariasse, 3
1988) and siliceous diatoms (Kitchell et al., 1986) as well as some

macroinvertebrates (nautiloids: Kauffman, 1984), and vertebrates (turtles: 3
Hutchison and Archibald, 1986; snakes, crocodilians: Kauffman, 1984) and

mammals. 3
I
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Cretaceous/Paleocene Boundary Hypotheses

3 In addition to the biological changes, chemical and mineralogical

anomalies in sediments on both sides of the K/P boundary are well known.3 Assuming a causal connection between the chemical and mineralogical

anomalies on one hand, and the extinctions on the other hand, Alvarez et al.

(1980) proposed the impact of a 10-kin-diameter asteroid ai the K/P boundary

(for a review see Alvarez, 1986). Other workers suggested the impact of a comet

(Hsu, 1980) or several simultaneous impacts (Smit, 1990). Among others, a

3 circular subsurface structure near Chicxulub on the Yucatan Peninsula

(Mexico) was proposed as the site of the K/P boundary impact (Hildebrand et

al., 1991).

In contrast to extraterrestrial causes of the K/P extinctions, Courtillot et

al. (1986) claimed that extended intense volcanism associated with the

formation of the Deccan Traps could explain the biospheric changes and the

mineralogical/chemical signatures more readily (see also Officer et al., 1987).

Other researchers have claimed that earthbound, environmental changes (e.g

global cooling: Stanley, 1984) during the Late Cretaceous were sufficient to

3 explain the K/P extinctions.
The basic differences between the extraterrestrial and the earthbound

3 extinction hypotheses are the timing and duration of their respective

influences on the biosphere. The flood basalt volcanism of the Deccan Traps

straddled the K/P boundary and lasted about 0.5 to 1 m.y. (paleomagnetic and

paleontologic data indicate that the bulk of the Deccan Traps were extruded

during Chron 29R, the oldest and the youngest flood basalts were extruded

during times of normal polarity; Courtillot et al., 1986; Courtillot, 1990). In

contrast, the impact of an extraterrestrial body is an instantaneous event.3 Paleontologists have pointed out that a discrepancy exists between the

instantaneous, severe, and non-selective extinctions expected by the impact-3 hypothesis, and the actual changes in fossil assemblages occurring prior to

and extending across the K/P boundary, as pointed out above (Clemens et al.,

3 1981).

I
I
I
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3) Calcareous Nannoplankton N
Remains of calcareous nannoplankton are ubiquitous in marine

calcareous sediments. Their small size and great abundance in the sediments

permit quantitative investigations of abundance changes of individual taxa.

Cores drilled by the Deep Sea Drilling Project (DSDP) and the Ocean Drilling I
Program (ODP) in the world's oceans provide an unprecedented opportunity to

study these changes at very high resolution at almost all latitudes. 3
Previous Studies: Paleoprovincialism and Biogeographic Changes

Only few studies have investigated biogeographic changes of calcareous

nannofossils during the Maestrichtian. Yet several observations are well

documented.

Provincialism: Maestrichtian provincialism of calcareous

nannoplankton was first pointed out by Worsley and Martini (1970) who 3
showed that the late Maestrichtian marker species Micula taurus and

Nephrolithuj frejQuns were largely restricted to low and high latitudes, 3
respectively. Worsley (1974), Thierstein (1976, 1981) and Wind (1979a, b)

conducted superregional studies and confirmed that numerous species had

pronounced latitudinal abundance gradients in the Maestrichtian. This

latitudinally-defined provincialism was in contrast to the conditions in the II
mid-Cretaceous (Barremian to Cenomanian; Roth and Bowdler, 1981) when

latitudinal provincialism was weak, but oceanic versus neritic provincialism

well developed (Roth and Bowdler, 1981). Wise (1988) argued that the increase 3
of latitudinal provincialism of calcareous nannofossils during the Late

Cretaceous reflected the global cooling that progressed during the same time 3
(compare e.g. Douglas and Savin, 1975). Similarly, Wind (1979a) speculated that

some high latitude taxa (BD. magnum and B. coronurm) were indicative of cool

surface water temperatures, whereas others (such as e.g. B. constans) were

characteristic of warmer water temperatures.

Biostratigraphy: The latitudinal provincialism during the Late

Cretaceous is also reflected in the fact that nannofossil taxa that have been

used for stratigraphic purposes in low latitudes (e.g. Bukry, 1973) were absent 3
from mid- and high latitudes. For this reason, different zonations have been

developed for different latitudinal zones. 3
Geographic and Temporal Changes: Thierstein (1981) performed

semiquantitative analyses of late Campanian to early Paleocene calcareous 3
I
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nannoplankton associations. His study includes sections from all ocean basins

and from high as well as from low latitudes. Only one site was from very high3 southern latitudes (DSDP Hole 327A) and its stratigraphic range was

misinterpreted 1 . In addition to latitudinal bioprovincialism (see above)

Thierstein (1981) concluded in particular that (i) nannofossil abundances did

not change significantly during late Campanian through Maestrichtian.

indicating stable oceanic surface environments, (ii) that no gradual or

stepwise extinctions of Cretaceous taxa occurred prior to the K/P boundary and

(iii) that the persistent taxa (i.e. those that "survive" the K/P extinctions;3 Percival and Fischer, 1977) occurred mainly at high latitude sites possibly

indicative of their adaptation to higher seasonality of temperature, salinity or3 light.
Doeven (1983) investigated abundance changes of calcareous

nannoplankton taxa from Campanian to Maestrichtian in the northwest

Atlantic Ocean (Canadian Atlantic Margin). He interpreted the abundance

increase of some taxa (e.g. A. cymbiformis, K. magaificus and M. staurophora)

and the decrease of WM. barnesae as indicative of cooling of surface waters in

the early Maestrichtian, possibly as a consequence of circulation changes3 !caused by early seafloor spreading in the Labrador Sea.

The resolution in both of these studies was very low: Thierstein's (1981)

sample spacing throughout most of the late Campanian and Maestrichtian was

-1-5m (-100-200 ky), but increased significantly (sample spacing <10cm: -5-10

ky) immediately below (--Im) the K/P boundary. Doeven (1983) investigated

one (or two) samples in each of the five Campanian to Maestrichtian

nannofossil zones in nine drillholes (29 samples total).

In addition, both studies only reported on the abundance trends of the

most abundant taxa present (>2% of the assemblage), since the authors

believed that abundance changes of rarer taxa were unreliable.

IThierstein (1981) thought that the age of Cores 327A-10 to 327A-12 was late
Maestrichtian (while in fact it was early Maestrichtian), most likely because he mistook
the early Maestrichtian species Nebhrolithus corystus for the late Maestrichtian marker
species NL. fre.gin•n. The same mistake was made in the original core descriptions
(Shipboard Scientific Party, 1977; Wise and Wind, 1977). It was only in 1979 that Wind
(1979a) had recognized the taxonomic and stratigraphic differences between N. corystus
and a. fr,,uan.I

I
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K/P Boundary Studies of Calcareous Nannoplankton Associations I

Calcareous nannoplankton associations have been studied extensively

in K/P boundary sections all over the world (e.g Percival and Fischer, 1977;

papers in Christensen and Birkelund, 1979; Perch-Nielsen et al., 1982;

Thierstein, 1981; Jiang and Gartner, 1986). Most studies concentrated on the I
abrupt extinctions at the K/P boundary and the recovery of the calcareous

nannoplankton in the early Paleocene. No quantitative, high resolution

studies exist that documented abundance changes of all calcareous nannofossil

taxa during the last 500 ky of the Cretaceous. 3
I
U
I
I
I
I
I
I
I
I
I
I
I



I 19

I CHAPTER 2
SAMPLES AND METHODSI

1) Samples3 (A) SECTIONS INVESTIGATED IN THIS STUDY

Three sites (ODP Holes 690C, 761B and DSDP Hole 217) were selected for

detailed study based on 1) their latitude during the Maestrichtian (high

southern and mid-latitudes; Figure 1; see also site descriptions in Chapter 3), 2)
the completeness of their Maestrichtian sedimentary record, and 3) the high

quality of calcareous nannofossil preservation. In addition, three sections
were selected (ODP Hole 761C, DSDP Hole 528, and Millers Ferry Section) to study

calcareous nannoplankton biogeographic evolution in detail during the last

several 100 ky prior to the K/P boundary (Figure 1).3 Hole 690C (~65*S) is one of the few Maestrichtian sections in calcareous

facies recovered in high southern latitudes to date. Its Maestrichtian latitude
was very similar to its present latitude (see Chapter 3). This hole represents

southern high latitudes and the austral province in this study.
Hole 761B is located at 16°S on the northwestern Australian margin

(Wombat Plateau, Indian Ocean); its Maestrichtian location was in (high) mid

latitudes (-4OS; see Chapter 3). Hole 761C was included in this study because3 the K/P boundary section in this hole appears to be continuous, whereas an

unconformity occurred in Hole 761B (see Chapter 3).

Hole 217 is presently located at 8*N (Ninetyeast Ridge, Bay of Bengal,

Indian Ocean). This site was originally included in this study to represent

tropical latitudes, but results from recent ODP Legs in the Indian Ocean

indicate that the Maestrichtian latitude of this site was ->30°S (see Chapter 3).
DSDP Hole 528 is located on Walvis Ridge in the South Atlantic Ocean3 (28°S). Its Maestrichtian latitude was -35°S (Chave, 1984). This site was

included in order to investigate nannofossil changes associated with the3 pronounced sediment color variation at this site.
The section at Millers Ferry (Alabama) represents the only section from

the northern hemisphere investigated in this study. It was located in (low)

mid-latitudes during the Maestrichtian (-30-35°N). It also represents the only
epicontinental section studied herein.

I
I
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I
(B) SAMPLING STRATEGY AND SAMPLE INTERVALS

In order to investigate the response of calcareous nannoplankton to

short term environmental perturbations as well as their biogeographic

evolution through the Maestrichtian, different degrees of temporal resolution

(through different sampling density) were used in different parts of the

sections studied (see Figure 2).

Herbert and D'Hondt (1990) showed that the carbonate content varied3 cyclically in Upper Cretaceous-lower Cenozoic marine sediments over -20 m.y.

in the South Atlantic. They interpreted this carbonate content cyclicity as a

response to precessional climatic cycles and calculated a mean absolute period

of 23.5±4.4 ky. To avoid the problem of aliasing, a minimum of two samples per

cycle is required (Blackman and Tukey, 1958) but Ledbetter and Ellwood (1976)

suggested that at least four samples per cycle should be analyzed in order to
increase the reliability of the results. Following Ledbetter and Ellwood (1976) I
attempted to obtain a chronologic resolution of -5 ky in order to investigate

whether calcareous nannofossil fluctuations occur in cycles of -20 ky: very3 closely spaced samples (every -3 cm) were taken in the uppermost 2.7 m of the
Cretaceous in Hole 690C (representing the last -60 ky of the Maestrichtian) and

every -5 cm in the uppermost 7.5 m in Hole 528 (representing the last -75 ky;

stippled intervals in Figure 2). A temporal resolution of -3 ky was thus

achieved in both holes.

The remainder of the "latest Maestrichtian interval" (cross hatched
interval prior to the K/P boundary in Figure 2) represented in Holes 690C and
528 was investigated at slightly lower temporal resolution (only -10 ky in Hole

690C, corresponding to sample intervals of -10 cm; -20 ky in Hole 528,

corresponding to sample intervals of -20 cm). Similar resolution (between -10-

20 ky) was also achieved for the latest Maestrichtian interval represented in

Holes 761B, 761C, and 217.

In order to assess whether nannoplankton changes during the last -500

ky of the Maestrichtian were inherently different from those earlier in the

Maestrichtian, control intervals with a temporal resolution of -10-20 ky were
selected (cross hatched intervals in the early and mid-Maestrichtian in Figure

I 2).

I
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Kent & Gradstein, 1985 high mid latitudes low
Blrggren et al., 1965 latitudes latitudes
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Figure 2: Schematic representation of the samples investigated in this study.
The cross hatched and stippled patterns indicate intervals of high sample
resolution. The numbers in each interval are the number of samples studied.
The black dots represent the widely spaced samples between the intervals of
high temporal resolution.
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The portions between the intervals of very high resolution (cross

hatched intervals in Figure 2) were investigated at much lower resolution

(about one sample every 500 ky; black dots in Figure 2).

2) Methods

(A) SAMPLE PREPARATION

Counts were performed on settling slides for DSDP Holes 217 and 528, ODP

Holes 690C, 761B and 761C. Smear slides were used for the section at Millers

Ferry. The settling slides were prepared following Beaufort (1991) with slight

modifications. Tap water was used to disaggregate the sediment and to prepare

the nannofossil suspension. As tap water was slightly acidic having very

noticeable etching effects on the calcareous nannofossils, the water was

alkalinized by adding Ammoniumhydroxide (NH 4OH) which has the advantage

of dissociating and evaporating in the heater oven without leaving a

precipitate on the nannofossils. The largest problem encountered during

sample preparation was that as the water degassed in the drying oven tiny gas

bubbles accumulated under the cover slips and frequently lifted them from

the platforms on which they were resting. It was not unusual to lose a quarter

of the samples in a batch during the last step of sample preparation because of

this phenomenon. This problem was avoided by weighing down the cover slip

with a small amount of plasticine held above the suspension by four tooth-

* picks (Figure 3).

(B) COUNTING PROCEDURE

All counts for this study were performed using a Zeiss Axiophot light

microscope. Three hundred specimens were selected as the minimum number

to be counted because with this sum there is a 95% probability of encountering

at least one specimen of a taxon whose true abundance in the assemblage is

1%. Because of the predominance of one species in most samples (PE. stoveri in

Hole 690C, M. stau.p...•ia in Holes 217, 528, 761B, 761C, and at Millers Ferry),

counting was usually performed in two steps: first, all specimens were counted

until a sum of -300 was reached. Then, all taxa were counted except the single

most abundant one until the sum of these (rarer) taxa was at least 300. In most

samples the sum of all taxa exclusive of the dominant one was >500. Only when

preservation was poor were fewer than 300 specimens counted. In samples

I
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plasticine

toothpicks

nannofossil suspension

cover glass

platform

I

Figure 3: Toothpicks were used to hold a piece ot plasticine (modelling I
compound) above the nannofossil suspension in order to hold the cover glass
in place during the evaporation period in the heater oven.
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with a preponderance of P. stoveri or hi. sLaurophora all taxa were counted in

at least 20 viewfields. If the sum of all taxa exclusive of the dominant one was

<300 after examination of 20 viewfields, counting was continued.

Samples located near zonal boundaries or samples with very good
preservation were scanned in addition to the counts. Any taxa that were

observed during this additional scanning and had not been recorded
previously are noted in the data tables (Appendix II) with an asterisk (*) or a3 '. For calculation purposes an abundance of 0.5 "specimens" was assigned to

these rare taxa.I
(C) DATA PROCESSING

SPercent of nannofossil taxa were calculated exclusive of the most
abundant taxon because the dominance of one species (P. stoveri or M.
istaurophora) would have suppressed the percentages of all other taxa to such a

degree that genuine abundance variations would have been obscured.
Absolute abundances: By counting on settling slides it is possible to

* estimate the number of specimens per gram sediment using the following

equation (Beaufort, 1991):

A Vdxr7E
GxN x S X (Vb+ Vp-r2 7 x H)

where3 Xsed = number of specimens per gram sediment

A = number of specimens counted

G = weight of sediment used to prepare the slide (in gram)

N = number of viewfields counted
Vd = volume of dilution ....................................... 1000 ml

r radius of beaker ............................................... 2.65 cm for 150 ml beaker

............................................... 2.32 cm for 100 ml beaker

S = area of one viewfield ..................................... 1.65 x 10-4 cm 2  (at 1250x mag.)
Vb = volume of suspension .................................. 100 ml for 150 ml beaker

poured in beaker .................... = 80 ml for 100 ml beaker
Vp = volume of platform ....................................... = 3.4 cm 3

H = height of platform .......................................... = 2.69 cm

I
I
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Two different kinds of beakers were used to prepare the settling slides

of the uppermost Maestrichtian samples in Hole 690C: the different radii of the

beakers and the different volumes of suspension used in the sample

preparations for Hole 690C were taken into account Jn the calculations. The

constants that were used to calculate the numbers of specimens per gram

sediment in each of the two cases are given below (they are listed as "Beaker

Constant" for all samples of Hole 690C in the data tables, Appendix II):

Xse= l A x 3.0 x 106 for 150 ml beakers and

Xse = --A x 2.7 x 106 for 100 ml beakers.

Only the smaller beakers were used for the preparations of samples

from all other sites. I
In order to take the changing carbonate content into consideration the

number of specimens per gram carbonate, rather than per gram sediment

have to be compared. They are calculated using the following equation:

O- 0 =3d00A x const.
XC3= [ 100 G x (CO3 0 ) x N

Fluxes* The flux of coccoliths and nannoliths (number of specimens per cm 2

per kiloyear) was calculated using the following formula:

Flux = (XCo3) x (W - (P/100) 1.01) x SR I

where

XCO 3 = number of nannofossil specimens per gram carbonate

W = wet bulk density (g/cm 3 )

P = porosity (%) I
SR = sedimentation rate (cm/ky) I

I
I
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3 The values for wet bulk density and for porosity were taken from DSDP and ODP

Initial Reports and the sedimentation rates used are given in Chapter 3

"Chronology".

Accumulation rates of carbonate and of insolubles: The carbonate

accumulation rate (CAR) was calculated using the following formula:

I CAR = ([C03]/100) x (W - (P0100) x 1.01) x SR

3 where [C03] = carbonate content in %, W = wet bulk density, P = porosity, and SR

= sedimentation rate. The accumulation rate of insolubles was calculated in a

similar way, but the first term in the equation above was replaced by

(1 - [C03]/100).

I Reproducibility: On several slides multiple counts were performed to test

whether the results were reproducible. Multiple counts of four samples were

tested for homogeneity at the Center for Data Processing, University of

Agriculture, Vienna, Austria, and the results are given in Table 1. Only the

more abundant taxa in the samples were tested. Each field in Table I contains

the numbers of specimens counted in the top row. In the lower row of each

field the calculated X2 value as well as an indication of its significance are

given (n.s. = not significant; (*) = significant at the 99% level; * = significant

at the 95% level). Generally, these results imply homogeneity among different

counts on the same slide, since one or two significant values among 60 are

expected at a 0.05 probability level (i.e. one significant value out of 20).

&djability.. In the graphs in Chapter 4 ("Results of Nannofossil Counts")3 the data are plotted without further statistical treatment. These 1) reveal an

apparent short term variability and 2) show the distribution of very rare taxa.3 These raw data may contain valuable information. However, when statistical

treatments as described below are applied, some of the changes are not

significant at the 95% confidence level. Thus, only major long term trends

should be deduced from the raw data. In order to assess the significance of

relatively small abundance changes (<-5%) and short term trends (i.e. -100-5003 ky) the following calculations were performed on data included in the

discussion in Chapter 5: in order to reduce the short term variability of theI
I
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Hole 690C 690C 690C 690C

Core-Section 16-1 _15.C 15-6 15-5

cza-iuterval 21-22 19-20 40-41 79-80

count 1 count 2 count 1 comet 2 coust 1 count 2 countl count 2 co"t 3

Number of Fields counted 30 37 30 11 30 26 30 34 33

0.012 u.s. 0.006 a.i. 0.145 i.s. 2.61 a.s.

L cayeuxii 18 23 5 0 2 2 24 33 50

0.005 n.s. 0.603 u.s. 0.248 u.a. 0.914 uin.

A. octoradiata 2 3 5 3 13 10 0 2 3

0.094 m.s. 0.172 a... 0.191 u.s. 0.572 i.s.

Arkhauxelskiella spp. 14 14 24 5 12 12 5 3 13

0.3 n.s. 0.586 a.. 0.04 uis. 2.524 n..

C.? daniae 22 35 46 8 21 11 10 9 17

0.365 u.s. 2.709 n.s. 2.742 ) 0.192 m.s.

C. ebrenbertii 6 4 11 3 4 1 4 6

0.576 ns. 0.233 a.s. 0 u.s. 0.833 n.m
Cretarhabdus spp. 11 13 12 4 10 1 6 3 10

0.003 u.s. 0.03 n.s. 5.982 * 1.073 m.s.

Eturriseiffeli 9 8 9 2 5 0 2 2 1

0.328 a.s. 0.03 n.s. 3.248 () 0.235 M.s

Gartnerago app. 6 4 4 4 4 1 1 2 3

0.576 u.s. 1.531 n.s. 0.816 M.s. 0.058 mi.

G. fessus 3 12 6 4 15 20 5 5 3

2.486 .s. 0.549 u.a. 0.474 u.s 1.268 u.s.

K. masiuficus 20 41 74 20 40 36 17 10 18

2.588 .s. 0.597 n.s. 0.154 n.s. 2.576 n.j
N. fquens 42 42 87 24 30 51 48 55 64

(multiperforste) 1.546 u.s. 0.614 n.s. 5.796 * 2.215 a.s. I

N. frequens 24 22 20 6 12 14 8 7 8

(biperforate) 1.266 ms. 0 u.. 0.036 u.. 0.578 u.s

P. fibuliformis 1 3 12 4 13 17 0 1 1

0.054 u.s. 0.083 u.a. 0.306 u.s. 0.176 u.s.
P. cretacea 26 39 43 20 28 29 19 22 31

0.181 u.s. 1.363 n.s. 0 u.s. 0.007 in.s I

P. spinos" 11 8 9 3 9 9 5 11 11 I

1.163 a.s. 0.111 M.s. 0.054 u.s. 1.213' .s.
Total 236 310 421 140 250 251 162 181 265 I

Table 1: Results of test of homogeneity between different counts on the same
slide. I

I
I
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3 data and to recognize underlying trends a five-point running average was

calculated after the following method:
* 2

I x
i=-2

P sumi

i=-2I
where xi is the number of specimens of a particular species counted in sample3 i and sumi is the sum of all species in this sample (exclusive of the most

abundant species). The age assigned to the five-point average was the mean of

all five sample ages. In order to assess the reliability of the abundance

variations observed in the curves of the five-point running average,

approximate 95% confidence intervals were calculated following the method

described by Mosimann (1965: p. 643).

PL= p+ [3.84/(2n)] ± 1.96V [p(1-p)/n] + [3.84/(4n2 )]

where the larger value obtained is the upper limit and the smaller value is the

* lower limit.

I
I
I
I
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CHAPTER 3 I

CHRONOLOGY

1) Biohorizons

In this chapter I present a discussion of the Maestrichtian biohorizons

(calcareous nannofossils and planktonic foraminifera) used to construct the

sedimentation rate curves. Age estimates of these biohorizons are based on

calibration against magnetostratigraphy in sections with a reliable 3
paleomagnetic record, using the magnetochronology of Berggren et al. (1985).

The depth-levels of the biohorizons in each section were compiled from the

literature and were calculated as the average between the highest/lowest

sample in which the taxon was present, and the subsequent higher/lower

sample where it was absent. In all cases several different age estimates of the 3
same biohorizon were obtained from different sections (Figure 4). For some

biohorizons the age estimates cluster fairly tightly, whereas for others they

show considerable spread. The reliability of the different estimates is discussed

as well as the age (and error) ultimately assigned to a particular biohorizon. 3
Generally, the age assigned to any biohorizon is the average of all the ages

listed here, the error assigned to each age estimate is the difference to the II
extreme values listed.

First Appearance Datum (FAD) of Micula prinsii: 66.63 Ma (+0.38: -0 17) 3
Hole Age (Ma)

527 66.46 1
525A 66.47

577 66.57

577A 66.63

524 67.01

Except for Hole 524 the lowest occurrence of M. prinsi lies in the I
Maestrichtian portion of Chron C29R. Thus the level of the K/P boundary and

the Chron C29R/30N reversal boundary were used as tiepoints to estimate the 1

age of this biohorizon. Because the Maestrichtian portion of Chron C29R is

quite short (only about 0.34 m.y.; Berggren et al., 1985) even a short hiatus at

the K/P boundary could lead to a significant underestimate of the

sedimentation rate. A complete sequence of biozones in the early Paleocene 3
1
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Figure 4: For each species the highest/lowest occurrences in different DSDP-
and ODP Holes, and in the Bottacione Section (Bout), Italy, are plotted against
magnetostratigraphy (after Berggrcn et al., 1985). For literature used to
compile this chart see text.I
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and the presence of an iridium enrichment in Hole 524 (Percival, 1984; Hsui et

al., 1982) and in Hole 577B (iridium was not measured in Holes 577 and 577A;

Michel et al., 1985) suggest that these sections are indeed complete. In Holes

525A and 527 no iridium enrichment was reported, but based on

biostratigraphy the K/P boundary sequences (calcareous nannofossils: I
Manivit, 1984; planktonic foraminifera: Boersma, 1984a) in these holes appear

to be continuous.

The lowest occurrence of M. prinsii is most precisely delineated in Holes

577 and 577A (within 30 and 50 cm, respectively; Monechi, 1985).
In Holes 525A and 527 the lowest occurrence of W. prinsii is not very

well constrained: Micula pjjnii was reported only from one sample in each

hole (Manivit, 1984).

The lowest occurrence of M. prinsii in Hole 524 is an exception insofar

as it occurs in Chron C30N (Percival, 1984). Percival does not discuss his I
species concept of Mhi. p.insii, and he does not report any peculiarities

associated with it.

The age assigned to the FAD of MJ. prinii is 66.63 Ma (+0.38; -0.17 m.y.)

when all available sections are included. If the outlier of Hole 524 is 3
disregarded the FAD of hi. 12rinsii is at 66.53 Ma (+0.1; -0.07).

First Appearance Datum of Micula murus: 67.60 Ma (+0.71: -0,49) I
Hole/Section Age (Ma)

527 67.11 1
524 67.24 (68.39?)

525A 67.42 1
516F 67.51

Bottacione Section 68.00

577A 68.31

The calcareous nannofossils in Hole 524 were studied by Percival (1984)

who presented a range chart in which M. murus occurred continuously from 1
the K/P boundary to 524-22-CC (228.0 mbsf; corresponding to 67.24 Ma). Below

this sample no specimen of Mh. murus was recorded until sample 524-26-5, 39-40 I
cm (262.89 mbsf; corresponding to 68.39 Ma) where M-. mturus was observed

again very rarely. Percival (1984) used this isolated, lowermost occurrence of 3
hi. mturus to delineate the lowest occurrence of hi. mturus. I believe that it is
more appropriate to use the base of the continuous occurrence of hi. murus as 3

U
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I the level of its lowest occurrence; therefore the age estimate of 67.24 Ma is
preferred for the lowest occurrence of Mi. taurus in Hole 524.

It appears that the six ages estimated for the lowest occurrence of M.
murus fall into two groups: the South-Atlantic Holes (516F, 524, 525A, 527:3 Shipboard Scientific Party, 1983; Percival, 1984; Manivit, 1984) have values
between 67.11 and 67.51 Ma, whereas the tropical hole 577A (Monechi, 1985)
and the Tethys-section (Bottacione Section: Monechi and Thierstein, 1985)

have values of 68.31 and 68.00, respectively. Micula taurus is the low latitude
marker species of the late Maestrichtian, and it is possible that this form
occurs earlier in tropical latitudes than at middle latitudes.

The average of all values listed for the lowest occurrence of M.. murus is

I 67.60 Ma (+0.71; -0.49). If the paleolatitude of a section is very well known, it
may be permissible to use a value of 67.32 Ma ±0.2 for mid latitude sites, or of3 68.15 Ma ±0.15 for tropical/tethyan sections.

First Appearance Datum of Nephrolithus freQuens

Hole Age (Ma)

527 67.48

525A 67.70

516F 68.78

3 524 69.04

690C 70.78
The diachrony of this biohorizon is very apparent in Figure 4 (compare also

Pospichal and Wise, 1990a: fig. 6). Whereas the lowest occurrence of N.
ifre.uen in Hole 690C lies in the lower half of Chron C31R (Pospichal and Wise,
1990a; Hamilton, 1990), it lies within C31N in Holes 524 (Percival, 1984; Tauxe et
al., 1984) and 516F (Shipboard Scientific Party, 1983; Hamilton et al., 1983), and3 in Chron C30N in Holes 525A and 527 (Manivit, 1984; Chave, 1984). It is not
strictly correlated with latitude, or else the lowest occurrences of this species

Sin the Walvis Ridge Sites (latitude and paleolatitude within five degrees of each

other: 524, 525A, 527) should be clustered more tightly, which is not the case.
In fact, the temporal difference in the lowest occurrence between Hole 524

and 527 (1.56 m.y.) is almost as large as the difference between Hole 524 and
690C (1.74 m.y.)! Still, it is intriguing that the lowest occurrences of Nj.
fr.a.w.u=1 in the Walvis Ridge sites occurs progressively from the more
southern to the northern sites (i.e. earliest first occurrence in Hole 524, thenI

I
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in 525A, then in 527). It has been suggested (Pospichal and Wise, 1990) that the

diachronous lowest occurrences of N-. freQuens in different sections reflects

the equatorward spreading of high latitude water mass properties (e.g. cooler

temperatures) throughout the Maestrichtian. If this is correct, then this

spreading did not proceed at a constant pace from high latitude Site 690 to the I
equator. It took NL. fr.gjj.•n roughly the same amount of time to conquer all

the Atlantic Ocean between Antarctica (Hole 690C) and the Walvis Ridge (Hole

524) as it needed to cross the Walvis Ridge itself (from Hole 524 to Hole 527).

As a consequence of the highly diachronous first occurrences of M. 3
freLuens no average age is assigned to this biohorizon. The list given above

may help, though, to estimate an approximate age of the lowest occurrence of

. fre.auens in a sections of which the paleolatitude is known.

I
First Appearance Datum of Abathomphalus mayaroensis: 69.67 Ma (+1.4: -1.02)

Hole/Section Age (Ma)

524 68.65

Bottacione Section 69.00 3
525A 69.64

516F 69.98

690C 71.07

The lowest occurrence of this planktonic foraminifer varies

considerably between the sections included in this compilation, occurring in

different magnetochrons in different sections: in Hole 524 (Smith and Poore,

1984) and in the Bottacione Section its lowest occurrence lies in Chron C31N

(Luterbacher and Premoli Silva, 1964), whereas in Holes 516F (Weiss, 1983), 3
525A (Boersma, 1984a), and 690C (Huber, 1990) it lies in Chron C31R. No clear

correlation of this diachrony of the lowest occurrence with paleolatitude is

apparent, other than its earliest first occurrence in southern high latitude

Site 690 (see also discussion in Huber and Watkins, 1992). The age estimate of

this biohorizon is fairly poorly constrained: 69.67 Ma (+1.4; -1.02). 3
I

I
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3i First Appearance Datum of Lithraphidites guadratus: 69.03 Ma (+0.29: -0.26)

Hole/Section Age (Ma)

527 68.77

525A 68.86

516F 69.16
Bottacione Section 69.32

The ages estimates for this biohorizon in different sections cluster

fairly tightly compared with other biohorizons. The lowest occurrence of L.

qadiratus in all sections lies in Chron C31N (calcareous nannofossil results
from Shipboard Scientific Party, 1983; Manivit, 1984; Monechi and Thierstein,

1985; paleomagnetic results from Alvarez et al., 1977; Hamilton et al., 1983;

Chave, 1984). The average age is 69.03 Ma (+ 0.29; -0.26).

Last Appearance Datum of Quadrum trifidum: 71.28 Ma (+0.34: -0.44)
516F 70.84

525A 71.36

Bottacione Section 71.65
Age estimates of this biohorizon cluster fairly tightly around the31 boundary between Chrons C31R and C32N (calcareous nannofossil results from

Shipboard Scientific Party, 1983; Manivit, 1984; Monechi and Thierstein, 1985;

paleomagnetic results from Alvarez et al., 1977; Hamilton et al., 1983; Chave,

1984). The average age assigned to this biohorizon is 71.28 Ma (+0.37; -0.44).

I
I
!
I
I
!
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2) ODP Hole 690C

Location i
ODP Hole 690C was drilled on the southwestern flank of Maud Rise in the

Atlantic Sector of the Antarctic Ocean (Weddell Sea) at 65°9.621'S, 10 12.285'E in I
2914 rn waterdepth (Shipboard Scientific Party, 1988). This site was included in

this study because it represents one of the southernmost Maestrichtian 3
sections in calcareous facies drilled to date. It contains a biostratigraphically

complete K/P boundary section with an iridium enrichment. 3
Lithology

About 70 m of Upper Cretaceous (upper Campanian/lower Maestrichtian

to K/P boundary) sediment were penetrated (sediment/basement contact at

317.0 mbsf; K/P boundary at 247.79 mbsf). The sediment was divided into two i
lithologic units, based on the calcareous nannofossil content (Shipboard

Scientific Party, 1988; Figure 5): in the lower unit (unit V: 317.0 to 281.1 mbsf) 3
foraminifera and terrigenous quartz and clay constitute the dominant

components of the sediment, in the upper unit (unit IV: 281.1 to 137.8 mbsf) 3
calcareous nannofossils dominate; the boundary between these lithologic units

coincides approximately with the boundary between the middle and upper

Maestrichtian.

The relative abundances of different sedimentary components vary

widely throughout the Maestrichtian (Figure 5). Calcareous nannofossils 3
fluctuate considerably (10-40%) in the uppermost Campanian to middle

Maestrichtian; they constitute about 50% of the upper Maestrichtian sediment. 3
In the Paleocene they increase to values >80%. Foraminifera attain peak

abundances of 30-35% in the uppermost Campanian/lowermost Maestrichtian. 3
They fluctuate between 2-20% throughout the middle and upper Maestrichtian;

in the uppermost Maestrichtian (about 4 m below the K/P boundary)

foraminifera reach a peak of 25%. Quartz and clay constitute 10-20% of the

sedimentary components in the uppermost Campanian/lowest Maestrichtian,

reach peak abundances over 80% in the middle Maestrichtian, and decrease to

very low values (<10%) in the lowest Paleocene. Mica content increases

throughout the Maestrichtian from <10% in the uppermost Campanian/lower

Maestrichtian to almost 20% in the upper Maestrichtian. About 4 m below the

K/P boundary mica decreases to ca. 5% and remains at this level through the

N
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3 Figure 5: Lithologic composition of Maestrichtian and lower Paleocene

sediments in Hole 690C (from Shipboard Scientific Party. 1988: p. 191).
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I
lower Paleocene. Volcanic glass is an important sedimentary component (20-

25%) below ca. 300 mbsf (uppermost Campanian to lowermost Maestrichtian). A I
light greenish ash-layer occurs at 314.38 mbsf. Volcanic glass is virtually

absent in most of the middle and upper Maestrichtian sediments, but reoccurs

towards the top of the Maestrichtian (ca. 4 m below the K/P boundary) where

-it reaches values of ca. 10% and declines to 0% during the lower Paleocene.

Zeolites are present only in upper Maestrichtian and lower Paleocene

sediments; they reach their peak abundance (almost 20%) in the immediate

vicinity of the K/P boundary. Calcispheres occur as minor sediment

components (<5%) in the upper part of the middle and in the upper

Maestrichtian. In the lowermost Paleocene they reach peak abundances of I
almost 30%. Pale brown and yellowish brown chert fragments and layers

occur sporadically in the lowermost sediments at this site.

Bioturbation is minor to strong throughout the Upper Cretaceous

section, often obscured by drilling disturbance in the uppermost

Campanian/lowest Maestrichtian sediments.

Cretaceous/Paleocene boundary:

The change of Cretaceous to Paleocene assemblages of planktonic

foraminifera and of calcareous nannofossils occurs in section 690C-15-4,

between about 50 and 30cm (Stott and Kennett, 1990a; Pospichal and Wise,

1990b; personal observation). Also in the immediate vicinity of the K/P

boundary (Section 690C-15-4, between ca. 60 and 30 cm) occurs a very distinct,

but heavily bioturbated lithology- and color-change from white nannofossil

chalk below to pale-brown nannofossil mud above. The carbonate content of

the sediment in this interval decreases from 80-90% in the white chalk to <50%

in the pale-brown sediment (Figure 6). The peak abundance of zeolites (which

are the product of diagenetic alteration of volcanogenic sediments) and the

presence of moderate amounts (ca. 10%) of volcanic glass support the

argument of Shipboard Scientific Party (1988) that the darker color of the

sediment above the contact may be due to volcanic influence.

Pospichal and Wise (1990b) showed that the white nannofossil chalk

contains typical Cretaceous nannofossil assemblages, whereas the pale-brown

sediments contain approximately 20% persistent and incoming taxa. They

argue therefore that the K/P-boundary should be drawn at the top of the

highest autochthonous white chalk clast (690C-15-4, between 41.5 and 41.8 cm;
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3 Figure 6: Decrease in carbonate content at the Cretaceous/Paleocene boundary
(black squares: this study; open circles: Stott and Kennett, 1990b).
(1) Level where Pospichal and Wise (1990b) place the K/P boundary (based on
calcareous nannofossils).
(2) Interval of planktonic foraminiferal turnover from Maestrichtian to
Paleocene assemblages (Stott and Kennett, 1990b).
(3) Peak of iridium enrichment (Michel et al., 1990).
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247.815 and 247.817 mbsf; Pospichal and Wise, 1990b). This approach - which

differs from the definition of the K/P boundary as the "level of extinction of

most Upper Cretaceous species" (Cepek and Hay, 1969) - was justified by the

fact that no extinction horizon is apparent in this section, due to reworking

(or survival) of Cretaceous species into the Paleocene. i
In the planktonic foraminifera there is no well defined extinction

horizon at the K/P boundary. Cretaceous taxa are replaced by Cenozoic taxa

over a 10-cm interval (between samples 690C, 15X-4, 45-47 cm and 15X-4, 35-37

cm, 247.85 and 247.75 cm, respectively; Stott and Kennett, 1990a). Stott and 3
Kennett place the K/P boundary at the level where Paleogene species become

dominant (>50%) over Cretaceous species. It must be stressed, that this is not

the proper definition of the K/P boundary in planktonic foraminifera

biostratigraphy (i.e. the extinction horizon of Cretaceous taxa) but rather an

attempt to circumvent the problem of intensive reworking in this section. 3
An iridium-enrichment occurs in Core 690C-15X with a well-defined

peak at 15X-4, 39-40cm (247.79 mbsf; Michel et al., 1990). 3
Benthic foraminifera show only minor changes at the K/P boundary

(Thomas, 1990), whereas calcareous dinoflagellates show a dramatic turnover 3
(Ftitterer, 1990).

Because bioturbation makes it impossible to draw the K/P boundary

unambiguously with nanno- and microfossils, the level of the Ir-enrichment

is used as the level of the K/P boundary in this study.

Paleoenvironment during the Maestichtian

The Maestrichtian latitude of Site 690 was about 70°S based on 3
paleocontinental reconstructions of Firstbrook et al. (1979) and of Smith et al.
(1977).i

The Upper Cretaceous and Cenozoic sediments at Site 690 were laid down

in a pelagic, open-ocean environment (Shipboard Scientific Party, 1988, p.

236). Paleontological (benthic foraminifera; Thomas, 1990) as well as

geochemical evidence (Mn/Fe ratios; Robert and Maillot, 1990) suggest that

bottom waters were well oxygenated. Water depth estimates were based on 3
comparison of benthic foraminiferal assemblages at Site 690 (Thomas, 1990)

with results from benthic foraminifera studies in the South Atlantic (Katz and i

Miller, 1990). Estimates of water depth are tenuous and indicate middle to lower

bathyal depths (1000-2500m) during the Late Cretaceous and early Paleocene, 3
!
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3 and subsequent deepening to upper abyssal depths (2500m or deeper) for the

remainder of the Cenozoic (Shipboard Scientific Party, 1988, p. 213).!
Paleoclimate

Smectite dominates the clay mineral fraction from the Upper Cretaceous

through the upper Eocene in sediments of Sites 689 and 690 (65-100%; Robert

and Maillot, 1990). This indicates warm climatic conditions with alternating

periods of humidity and aridity in Antarctica, the source area of the clay

minerals. Starting in the Paleocene kaolinite is present at Site 690 indicating3 increased humidity on Antarctica at this time (Robert and Maillot, 1990).

Stable isotope results (81sO) from Maestrichtian planktonic and benthic3 foraminifera indicate long term cooling throughout the entire Maestrichtian

with a short warming event during the last 0.5 m.y. before the K/P boundary
(Barrera and Huber, 1990; Stott and Kennett, 1990b; see Chapter 5 for

discussion).

3 Nannofossil Biostratigraphy

The initial sampling was based on the nannofossil biostratigraphy of3 Pospichal and Wise (1990a) which was subsequently refined in the course of

this study. The following problems were encountered:
First occurrence of Nephrolithus frequens: This species evolves in the

late Maestrichtian, possibly from Nelihrolithus corystus (Pospichal and Wise,

1990a). Consequently there are many forms close to the first occurrence of N.
frequens that are intermediate between a typical N. corystus and a typical N.

freqg.ueca. Pospichal and Wise report that kL. fre.q.us is absent in sample 19X-1,3 130-132 (282.41 mbsf), that it is questionably present at 18X, CC (281.10 mbsf)

and that it occurs 'commonly' in sample 18X-5, 36-38 cm (277.76 mbsf). My own3 investigations showed that N_. f occurs commonly in sample 18X-5, 54

cm (277.94 mbsf), where it constitutes about 22% of the assemblage. In sample
19X-1, 107cm intermediate forms between N_. freQuens and N.. c£Qys.ua occur

infrequently. These forms do not bear a central stem, they have a

comparatively narrow margin, they are smaller and have fewer perforations
than the ',,.ia stem-bearing specimens of N. corystus in this sample. In
addition, these f'rins mostly have a distinct kidney-shaped outline, whereas N.3 y olii has an almost elliptical outline. At this time it is impossible to
assign these intermediate forms unambiguously to either species because theI

I
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structural differences of the central area - which are the only pertinent

criteria to distinguish NL. freguens from M. corystus - are not visible under the

light microscope. Until these questions can be resolved in a subsequent stu,.y

on the SEM the first (certain) occurrence of bL. frequens is recorded in sample

690C-18-5, 54 cm (277.94 mbsf); NL. fre.uens is (probably) absent in 690C-19-1, 3
107cm (282.17 mbsf).

Last occurrence of Ne.phrolithus corystus: The last occurrence of this

species lies in an interval where preservation of calcareous nannofossils is

very poor. Unquestionable specimens are present up to 690C-18-2, 60-61 cm

(273.5 mbsO. In overlying samples from sections 18-2 and 18-1 no specimens

of Nh. c.rystus were observed; only the most dissolution resistant taxa are

present in this interval. In sample 690C-17-CC, 20-21 cm (271.4 mbsf) the i
preservation of calcareous nannofossils improves and one specimen was found

after extremely careful search in a sample where large forms were enriched

by centrifuging. Negphrolithus corystus is absent in the remainder of Core

690C-17. Due to the poor preservation of calcareous nannofossils in the i
interval where N1. corystus disappears (between 690C-18-2, 60-61 cm and 690C-

17-CC) it is not possible to establish whether N_. corystus is present

continuously through sections 690C-18-2 and -18-1, or whether the occurrence

in 690C-17-CC should be discarded as an artifact of reworking.

Last occurrence of BisciiLum magnum: This species disappears between 1
samples 690C-18-CC, 15-16 cm (281.10 mbsf) and 690C-18-5, 54 cm (277.94 mbsf).

No sediment was recovered between these sections. These observations agree 3
with Pospichal and Wise's (1990a) practice of drawing the boundary between

the B. magnum Zone and the N_. corystus Subzone (i.e. LO of B. mag.niu•, 3
Pospichal and Wise, 1990a) at the same level, despite the observation of one

specimen in sample 690C-18-5, 36-38 cm (277.76 mbsf; Pospichal and Wise,

1990a).
Last occurrence of Binutm. Qcoronum: The last occurrence of this

species was observed in sample 690C-20-1, 136 cm (292.16 mbsf), it is absent in 3
sample 690C-20-1, 133 cm (292.13 mbsf). This level is a little higher than

previously reported by Pospichal and Wise (1990a). 3
Last occurrence of &. levjs: This species was observed in sample 690C-18-

5, 54 cm, albeit very rarely. According to Pospichal and Wise (1990a) B_. Levis is 3
absent in sample 690C-18-5, 36-38 cm (277.76 mbsf).

I
I
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Magnetostratigraphy

High resolution paleomagnetic data of high quality were obtained from
Upper Cretaceous sediments of Holes 690C and 689B (Hamilton, 1990). Hamilton
(1990) indicated that the combined results from both holes yielded sufficient
evidence to decipher the Upper Cretaceous magnetostratigraphy of Maud Rise.

Due to the high latitude of Maud Rise in the Late Cretaceous (not significantly
different from its present day location; Hamilton, 1990) it was acceptable to use
the inclination of the remanent magnetization vector as a reliable index of
magnetic polarity. Normal magnetization overprint of most samples could be3 satisfactorily removed through magnetic cleaning. The high rate of recovery
allowed high resolution sampling and yielded a sharp definition of the3 polarity record in Hole 690C (Hamilton, 1990).

The polarity record as well as the magnetostratigraphic interpretation
(after Hamilton, 1990) are shown in Figure 7.

All biostratigraphic zones around the K/P boundary which occurs in
Chron C29R were identified (Pospichal and Wise, 1990b; Stott and Kennett,
1990a). Interestingly, in Hole 690C this boundary occurs closer to the top of
29R than in other pelagic sections (Herbert and D'Hondt, 1990). This may be

Sdue to a very low sedimentation rate in the earliest Paleocene, or may indicate
the presence of a hiatus within CPla or at the CPla/CPlb zonal boundary
(Pospichal and Wise, 1990b). The fact that Cruciplacolithus primus and C.

tenuis appear at about the same level (Pospichal and Wise, 1990b) supports the
possibility of a hiatus between these two subzones. Poor preservation of
planktonic foraminifera (R. D. Norris, oral comm.) in the lowermost Paleocene
may indicate partial carbonate dissolution; no similar preservational pattern is3 reported in the calcareous nannofossils (Pospichal and Wise, 1990b).

3 Sedimentation rates: Sedimentation rates in the Maestrichtian of Hole 690C are

based on the paleomagnetic results of Hamilton (1990). Magnetochron3 boundaries are very well constrained (Figure 7) except for the C32R/33N

boundary, which occurs between samples that are more than six meters apart.

The sedimentation rate of the overlying interval (Chron C32N) is extended to

the bottom of the section. The data used are tabulated in Table 2, the results
included in Figure 7.

I
I



44 I
Table 2: The depth assignments of the magnetozone boundaries are taken from N
Hamilton (1990), the K/P boundary was placed at the level of the iridium-peak

(Michel et al., 1990). Numerical ages were assigned to these boundaries

according to Kent and Gradstein (1985) and Berggren et al. (1985).

Boundary Depth Age (Ma) Sedimentation Rate
(mbsf) (m /my YI

29N/29R 247.55 66.17 =

K/P boundary 247.79 66.40

4.49m/0.34m.y. = 13.21
29R/30N 252.28 66.74 4.49m/0.34m.y. = 7I19.97m/2.66m.y. = 7.51
31N/31R 272.25 69.40

31R/32N 283.39 71.37 I
19.39m/2.18m.y. = 8.89

32N/32R 302.78 73.55 8

8.89

I
I
I
I
I
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I
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3) ODP Hole 761B U
Location I

Hole 761B is located in the eastern Indian Ocean on the central part of

Wombat Plateau (16044.23'S, 115 032.10'E) about 400 km off the Australian coast

in 2167.9 m waterdepth (Shipboard Scientific Party, 1990). The paleolatitude of

this site during the Maestrichtian was about 40-45*S according to Firstbrook et

al. (1979), and about 30-401S according to the paleocontinental reconstructions

of Smith and Briden (1977). 3
Lithology

The Maestrichtian sediments in this Hole are light-colored nannofossil

chalks with foraminifera (lithologic unit II; Shipboard Scientific Party, 1990);

this unit was divided into three subunits based on changing abundances of

biogenic and lithologic components. Subunit IIA (175.9-198.7 mbsf) consists of

fairly pure, extensively bioturbated nannfossil chalk, with <10% foraminifera
and usually <2% detrital mica. Yellowish brown porcellanite chert nodules are

present but rare. The top of this subunit coincides with the K/P boundary 3
where a distinct color and lithologic change occurs.

In Subunit JIB (198.7-240.0 mbsf) foraminifera increase to 10-25% and

zeolite constitutes up to 5 % of the sediment in core 761B-24X. Ino..cr.amus shell

fragments are common throughout this subunit, particularly abundant in core

761B-25X. Bioturbation is extensive throughout; sediment colors are very pale

brown, light gray, and white. Brownish yellow chert nodules are present but

rare. The base of this lithologic subunit is early to middle Albian. 3

The K/P boundary I
Calcareous Nannofossils: The K/P boundary is a drilling contact and

coincides with a conspicuous lithologic and colour change, from light-gray,

clay-rich Paleocene chalk to white late Maestrichtian nannofossil chalk at
761B-21-4, 126 cm (175.96 mbsf; Shipboard Scientific Party, 1990). A hiatus is 3
present at the K/P boundary as the lowermost Paleocene nannofossil zone

(NPI) is missing. Cruciplacolithus primus and C_. tenuis both are present

together in 761-21-4, 125 cm (Shipboard Scientific Party, 1990). The uppermost

Maestrichtian at 761B belongs to the M.. murus Zone.

U
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3 Planktonic Foraminifera: The hiatus at the K/P boundary is also
recognized by planktonic foraminifera as the lowermost Paleocene

assemblages indicate Zone PIC (Shipboard Scientific Party, 1990).

I Biostratigraphy

Calcareous Nannofossils: The uppermost Maestrichtian marker fossil, M.I pnnsii was not observed in this hole, nor in the more complete hole 761C
(Bralower and Siesser, 1992). The reason for its absence may be a short hiatus

in Hole 761B or paleoceanographic exclusion. The latter explanation is favored

because hi. prinaau is also absent in Hole 761C where an iridium enrichment at

the K/P boundary (Rocchia et al., 1992) and a complete sequence of upper

Maestrichtian and (condensed) Paleocene nannofossil zones indicate that the

K/P transition is complete. On the other hand, the absence of M. prinsii at Site

761 cannot be strictly a function of paleolatitude, since this species is present

in the Walvis Ridge sites (e.g. 528) which have a very similar paleolatitude to

Site 761 in the Upper Cretaceous.
The upper Maestrichtian marker fossils M. murus and N. frequens are3 both present in this section. The lowest sample where unquestionable

specimens of M. murus were observed is 761B-22-1, 80 cm (180.50 mbsf).
Specimens very similar to M. murus but with slightly shorter arms were

observed in sample 761 B, 22-2, 80 cm (182.0 mbsf). Miculakmurus is absent in

sample 761 B, 22-3, 80 cm (183.50 mbsf) and below. Specimens intermediate

between hi. •tau.r.nora and hi. murus were observed down to 761B-23-2, 81 cm

(191.51 mbsf). These forms have a compact, square center with the extinction

pattern of ML. staurophora in cross polarized light, and elongate arms
reminiscent of hi. murus. The lowest occurrence of M. murus observed here is

considerably higher in the section than reported by Bralower and Siesser

(1992; 23-1, 81-83 cm; 190.01 mbsf). The reason for this discrepancy is unclear.

Different taxonomic concepts of hi. taurus between this study and Bralower

and Siesser's inverstigation cannot be invoked, since Bralower and Siesser
(1992) were aware of the intermediate forms between K. staurop.hora and hi.
murus. (compare their illustrations: plate 7, figures 1-6). It should be noted that
the lowest occurrence of hi. mturus as reported by Bralower and Siesser (1992)

is unusually low compared with the level of this biohorizon in other sections

(see Chapter Biohorizons).I
I
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r hodith.sii fre.u.,ns occurs continuously down to sample 761B-23-1,

81 cm (190.01 mbsf). This agrees well with Bralower and Siesser's (1992)

observation of the lowest occurrence of N1. freLuuens in 761B-23-i, 81-83 cm.

The isolated occurrence in sample 761B-23-3, 90cm (193.10 mbsf; see data table I
for Hole 761B) is unexplained (bioturbation? truly discontinuous

occurrence?). It is not taken as the level of the lowest occurrence of N.

frequenj since careful inspection of smear slides could not verify the

presence of N. freiu. in the samples between.

The lowest occurrence of L. guadratus was reported in 761B-23-3, 40-41

cm (192.60 mbsf; Bralower and Siesser, 1992) at which level this species occurs

frequently (Bralower and Siesser, 1992). In my count data the lowest

occurrence of L. Quadratus is in sample 761B-23-3, 150 cm (193.70 mbsf; see

data table for Hole 761B).

The highest occurrence of R. jgyia was found in 761B-24-1, 39-40 cm

(199.09 mbsf; Bralower and Siesser, 1992).

A very low sedimentation rate or a hiatus in the lower Maestrichtian is

indicated by the very close (or concomitant) occurrence of the following

three nannofossil biohorizons. The highest occurrence of E. eximius lies in

761B-24-CC (208.2 mbsf, Bralower and Siesser, 1992). Bralower and Siesser

(1992) report the highest occurrence of BD. pr.ca constricta from 761B-24-5, 34-

35 cm and use this level as the highest occurrence of D.. p.arca. This is not

followed here, since the highest occurrence in 761B-24-5, 34-35 is

discontinuous from the other levels where this species was observed; in

addition, section 761B-24-5 does not exist in the barrel sheets of the core

description (Shipboard Scientific Party, 1992; p. 506) and was not present in

the ODP core repository in College Station, Texas, where I took my samples.

Therefore the highest occurrence of IL. p is placed in 761B-25-1, 41-42 cm

(208.61 mbsf), which is the higest level of continuous occurrence of D.. parsa

p.aca and B.. .arca constricta in 761B (Bralower and Siesser, 1992). The highest

occurrence of Q. trifidum was also reported from 761B, 25-1, 41-42 cm (208.61

mbsf). The presence of a hiatus in the lower Maestrichtian in 761B is indicated

in the sedimentation rate curve supplied by Shipboard Scientific Party (1990).

In contrast, Bralower and Siesser (1992) indicate that the Maestrichtian is

complete (at least as far as nannofossil biostratigraphy indicates), but that the

Campanian portion is condensed.
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Cretaceous planktonic foraminifera indicate that only the upper to

middle Maestrichtian are fully developed (Wonders, 1992), the remainder of

the Upper Cretaceous (lower Maestrichtian to Coniacian/upper Turonian) is

condensed. The lowest occurrence of A. ma-v.arnS. was reported in 761B-24-

1, 56-58 cm (199.28 mbsf; absent in 761B-24-2, 63-65cm; 200.85 mbsf; Wonders,

1992) and defines the bottom of the A. m..ay nsi. Zone.

The middle Maestrichtian C. cgntusa Zone was recognized between 761B-

I 24-2, 63-65 cm (200.85mbsf) and 761B-24-4,61-63 cm (203.83 mbsf; Wonders,

1992), underlain by the Hi. .a .a.g.agoaani Zone: 761B-25-1, 59-62 cm (208.82

mbsf) to 761B-25-5, 59-62 cm (214.82 mbsf; Wonders, 1992). The bottom of this

zone (lowest occurrence of i.r.Lj. a _go2.aan is of late Campanian age (within

the a. c Zone, according to Nederbragt, 1990; Wonders, 1992).

Magnetostrati graphy

Paleomagnetic data are available from Upper Cretaceous sediments of

Hole 761B (Galbrun, 1992; Table 3). Thermal cleaning, alternating field

demagnetization, or both, revealed a stable remanent component of normal or

reverse polarity in most samples (Galbrun, 1992). The magnetic polarity5 sequences were correlated with the standard magnetic polarity time scale with

the aid of calcareous nannofossil biostratigraphy (Galbrun, 1992). Above the3 K/P boundary where sedimentation rates are low, some polarity zones were

indicated by single samples only (e.g. C29N, C28). For this reason these chrons

were not included in Figure 8. It is a striking, but unexplained feature of the

NRM intensity curve that the intensities show a minimum in the upper

Maestrichtian and lower Paleocene (Galbrun, 1992: figure 4). No correlation

between variation of NRM intensity and of lithology was noted (Galbrun,

1992).I
I
I
I
I
I
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Table 3: Fixpoints used to calculate sedimentation rates in the Maestrichtian of
Hole 761B.

I
Boundary Depth Age Sed. Rate

(mbsf) (Ma) (m/m.y.)
K/P boundary 175.96 66.40

5.21m/0.34m.y. = 15.32
29R/30N 181.17 66.74

31N/31 O14.14 69.40 13.77m/2.66m.y. = 5.18 I
31N/31IR 194.94 69.40

I
I
I

| I I |
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Figure 8: Sedimentation rate curve for the Maestrichtian section in Hole 761B.
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4) ODP Hole 761C

This hole was drilled 20 m north of Hole 761B and contains a more

complete K/P sequence than Hole 761B.

A gap in recovery of about 1 m was reported in section 761C-3R-2

(Shipboard Scientific Party, 1990). However, for calculation of the sample

depths by ODP and in papers included in ODP Volume 122, Scientific Reports,

this gap was ignored (i.e. section 761C-3R-2 was considered to be only 0.5 m

long). Sample depths included in the following discussion were calculated in

the same manner (i.e. the gap in section 761C-3R-2 is ignored) in order to

facilitate comparison between this study and previous publications.

The K/P boundary

A distinct lithologic and color change occurs in core 761C-3R-3,

between 75 and 77 cm. The contact is sharp and inclined (Figure 9), with white

nannofossil chalk below and greenish-grey nannofossil chalk above.

Bioturbation is common in both lithologies, but is more conspicuous in the

darker, overlying sediment. The carbonate content decreases from about 85-

90% in the white sediment to about 70% in the greyish chalk (Figure 10a)

Two pieces of chert are present about I cm below the sharp color contact;

another piece of chert lies about 12 cm higher in the section (at 761C-3-3, 66-

67 cm; Figure 9). At both chert layers the section is apparently drilling

disturbed.

The lowest occurrence of D. sparsus was observed in sample 761C-3-3, 70

cm (Figure 10b). The next lower sample available to me is from the white chalk

at 761C-3-3, 75 cm and contains a typical upper Maestrichtian nannofossil

assemblage (without B.. sarsus indicating that the K/P boundary should be

placed between these two samples.

An iridium enrichment with a well defined peak was reported by

Rocchia et al. (1992; Figure 10c). It coincides with the sharp color contact at

761C-3R-3, 75 cm (Figure 9).

Based on nannofossil, sedimentological and geochemical evidence the

K/P boundary is thus placed between 761C-3R-3, 75 and 77 cm (172.45-172.47

mbsf).

In contrast, Pospichal and Bralower (1992) placed the K/P boundary

about 9 cm higher in this section (between samples 761C-3-3, 66-68 cm, 172.36-
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arrows indicate levels where Pospichal and Bralower (1992) took samples.
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172.38 mbsf), based on the pronounced change in the calcareous nannofossil
assemblages at this level (compare Figure 10b, d, e); the vanishing taxa
decrease from >80% to about 40% of the assemblage, whereas the persistent
taxa (dominated by Cyclagelosphaera spp.) increase from <20% to about 60%.
Pospichal and Bralower (1992) found one specimen of B. sparsus in sample

761C-3-3, 69 cm which they considered as reworked and disregarded it in their
placement of the K/P boundary; this interpretation is not supported by my
own observations (see above). The pronounced turnover of calcareous
nannofossil assemblages at the level where Pospichal and Bralower place theU boundary may be due to a hiatus: a lithologic discontinuity is indicated by
subtle color differences of the sediment below and above this level. In
addition, the sediment below this horizon is more conspicuously mottled and
bioturbated than the sediment above. Unfortunately, the exact nature of the
sediment contact is obliterated by the drilling disturbance caused by the chert

pebble (Figure 9) at this level.

I No data on planktonic foraminifera were available to delineate the level
of the K/P boundary in this hole.I
Magnetostratigraphy

Paleomagnetic data are available from Core 761C-3 (Rocchia et al, 1992)
indicating that the K/P boundary occurs in a reverse polarity interval (C29R).
The boundary between Chrons C29R and C30N was not encountered since the
lowest sample analyzed (761C-3-6, 83 cm; 177.05 mbsf) was still of reversed
polarity.

Sedimentation Rate
According to Berggren et al. (1985) the age of the K/P boundary is 66.40

Ma, the base of Chron C29R occurs at 66.74 Ma. With the K/P boundary at 761C-5 3-3, 75-77 cm (172.46 mbsf) the Maestrichtian portion of C29R is at least 4.59 m
long. This corresponds to a sedimentation rate of at least 13.50 m/m.y. for the
latest Cretaceous. The same sedimentation rate as calculated for the uppermost

Maestrichtian in Hole 761B is also used in Hole 761C.

I
I
I
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5) DSDP Hole 217 3
Location I

Hole 217 is located at 8°55.57'N, 90°32.33'E on the northernmost portion

of Ninetyeast Ridge in 3010 m waterdepth, just south of the flat turbidite 3
sediments of the Bengal Fan (Shipboard Scientific Party, 1974). The

paleolatitude of this site during the Maestrichtian was about >30°S according to 3
the paleocontinental reconstructions of Smith and Briden (1977). A much

lower paleolatitude during the Maestrichtian (~151S) was indicated by •

Firstbrook et al. (1979; compare their reconstruction of the southern

hemisphere at 70 Ma) apparently due to the fact that they did not place Hole

217 on the Indian Plate. Information obtained through recent ODP Legs (Leg I
116 - 121) in the Indian Oceans (see detailed discussion in Royer et al., 1991)

supports Smith and Briden's reconstruction which is also used in this study. 3
Lithology 3

The Maestrichtian sediments (421 to about 530 mbsf) were divided into

two lithologic subunits, 2c and 2d (Shipboard Scientific Party, 1974). From the 3
K/P boundary between cores 17 and 16 (421 mbsf) to about 480 mbsf the

sediment consists of light grey to light brown nannofossil chalk with

moderate to intense bioturbation (subunit 2c). I
Lithologic subunit 2d (420-600 mbsf) ranges from middle Maestrichtian

to Campanian. The Maestrichtian portion of this subunit consists of carbonate 3
siltstone (480 to about 500 mbsf) and micarb chalk (about 510-555 mbsf);

concurrent with the change to micarb chalk occurs a prominent increase in 3
shell fragments of Inoceramus, oysters and other unidentified large molluscs

(Shipboard Scientific Party, 1974). Foraminifera constitute about 3-5% of the

sediment, clay minerals about 5-10%. Trace amounts of pyrite, glauconite, and
volcanic glass are also present. The presence of oyster shells, glauconite, and

of microfossils with shallow-water affinities led Shipboard Scientific Party I
(1974) to the conclusion that the paleo-waterdepth during the Late Cretaceous

was less than about 500 m. 3
The K/P boundary

Calcareous nannofossils: Calcareous nannofossil assemblages in samples

217-16-6, 76-77 cm and 217-16-6, 128-129 cm are moderately to poorly l

U



1 57

U preserved and are dominated by fragments of Thoracosphaera spp. and by P.

sigm.nid.es; Cruciplacolithus primus and rare Biantholibiii slparsus are present3 and indicate an age of early Paleocene (upper part of Biochron NPI). In
addition, uppermost Maestrichtian calcareous nannofossils (e.g. M.. murus are

Spresent. Gartner (1974) reported that the nannofossils in 217-16-CC are
"Maestrichtian in age, though admixed with some Danian forms". In the range5 chart he recorded an isolated occurrence of Cruciplacolithus tenuis in sample

217-16-CC (Gartner, 1974) which would indicate nannofossil Zone NP2 (Martini,
1971). My own observations do not corroborate the presence of C. tenuis in the

lowermost samples of Core 217-16-6. Furthermore, the base of the continuous
occurrence of C(. tenuis lies only in 217-15-CC (Gartner, 1974). Consequently,3 the lowermost nannofossil zone identified in 217-16-6, 128-129 is (the upper

part of) NP1. No samples of 217-16-CC are available to me. Based on my3 observations in section 217-16-6, and on the isolated occurrence of C-. tenuis in

217-16-CC, Gartner's observation of mixed Danian and Maestrichtian

nannofossils in 217-16-CC are interpreted here as constituting Danian

assemblages with admixed Cretaceous taxa.

Sample 217-17-1, 18-19 cm contains a moderately to well preserved,

typical upper Maestrichtian assemblage, including the marker species M.

rnurus and N. f.eque.s. Forms very close to M__. prinsii (elongate, curved arms,
but no distinct bifurcation) were also observed. Paleocene forms were not

encountered. Based on own observations and on Gartner's (1974) results the

K/P boundary is placed between cores 217-16 and 217-17. There may be a short

hiatus at the K/P boundary since the lowermost Paleocene sediment is assigned3 to the upper part of NP1 (or, possibly, NP2).

Planktonic Foraminifera: Typical Danian forms (,g1ggobigerena,

Chiloguembelini) were observed in core 217-16 (McGowran, 1974). The lower

Paleocene subzone Plb was identified tentatively in sample 217-16-6, 148-1503 cm (McGowran, 1974); subzone Pla was indicated in 217-16-CC (on the barrel

sheets of the core description; Shipboard Scientific Party, 1974). Accordingly,3 the Danian biostratigraphic record is almost complete (McGowran, 1974). In
sections 217-16-6 and 217-16-CC large specimens of the Maestrichtian
planktonic foraminifer Hedberge.ll.amonmouthensis occur abundantly

(McGowran, 1974). A typically diverse, tropical Maestrichtian assemblage

occurs in section 217-17-1 (McGowran, 1974). The K/P boundary is placed

I
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between cores 217-16 and 217-17 at 421.0 mbsf, on the tenuous evidence that i
the Maestrichtian foraminifera in 217-16-CC represent upward reworking

rather than downhole contamination (McGowran, 1974).

Biostratigraphy

Calcareous Nannofossils: In agreement with Wind (1979a) but contrary

to Shipboard Scientific Party (1974) the upper Maestrichtian marker species

Micula murus and Nep.hrg-,lithusfr ,g.e are both present in Hole 217. Bukry I
(1974) reported the presence of "Micula taurus Zone assemblages" in cores 217-

17 and 217-18 but does not indicate whether the marker species is present.
Forms very similar to Micula prinzii are present throughout core 217-

17. They have elongate, curved arms, but do not have the bifurcation at the I
ends of their arms which is characteristic of M_. prinsi. I consider these forms
as intermediate between My. mjur and M. prnnsii, possibly representing early I
morphotypes of M. .*.

The lowest occurrence of I, iculmurus lies between 217-18-CC (Q.
murus still present) and 217-19-3, 100 cm (M. mturus absent; Wind, 1979a),
indicating the base of the hi. murus Zone (Bukry and Bramlette, 1970).

The high-latitude marker species of the latest Maestrichtian, N.

fre.gq.u.n, is also present in Hole 217. It is rare and was not observed in all
samples; its lowest occurrence was observed in 217-24-CC, which is very close
to the top of the Q. trifidum Zone. Because of its anomalous low occurrence, N.

fir.gjn•n is not used in the biostratigraphic zonation of this hole.
The lowest continuous occurrence of L. Quadratus was observed in 217-

20-CC, it was absent in 217-21-2, 101 cm (Wind, 1979a). An isolated occurrence

of this species was reported in 217-21-5, 100 cm (Wind, 1979a; dotted square in
Figure 11). The lowest occurrence of this species indicates the base of the L.

aa Zone (Cepek and Hay, 1969) which corresponds to the base of Zone
CC25c (highest part of the A. cymbiformis Zone, Sissingh, 1977).

The highest occurrences of R. lcyvis, of 1. phacelosus, and of D. pars
were observed in 217-24-1, 49-50 cm (these forms were absent in 23-4, 53-54

cm). The highest occurrence of R. I&yjl indicates the base of the A.

cymbiformis Zone (CC 25, Sissingh, 1977); the other two species are used to
delineate the base of the R. leYis Zone (CC24) and to subdivide the 1. Phacelosus

Zone (CC23), respectively. Further biostratigraphic refinement is required to

distinguish these boundaries or to determine whether a hiatus is present. For
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this reason these biohorizons were not included in the construction of the
sedimentation rate curve. Because of the absence of Reinhardtites3 anhopw.ris cores 217-24 to 217-26 were assigned to the lower part of the T.

Rlhac.clsus Zone (CC23a, Sissingh, 1977).
The highest occurrence of Q. trifidum was observed in 217-25-CC, but

could not be identified confidently in 217-24-CC. Wind (1979a) reported the
highest occurrence of this form in 217-25-2, 76 cm (absent in 24-6, 125 cm).
Thus the highest occurrence of O. trifidum is placed between 217-25-2. 76 cm
and 217-24-CC. This agrees with Bukry (1974), but is in contrast to Gartner3 (1974) who places this biohorizon about 10 m lower in Hole 217. According to
Perch-Nielsen (1983) the highest occurrence of Q. trifidum should be aboveU that of BD. pIajS&, which is not the case in this hole. The highest occurrence of
Q. trifidum seems to be a temporally narrowly defined biohorizon (compare

chapter "Biohorizons"; see also Monechi and Thierstein, 1985) and therefore it

was used as the lowest point in the construction of the sedimentation rate
curve for Hole 217.

Planktonic Foraminifera: The upper Maestrichtian A_. mayaroensis Zone
ranges from core 217-23 to the K/P boundary. The lowest occurrence of A.
m a was reported in 217-23-CC (487.5 mbsf; McGowran, 1974); it is

absent in sample 217-24-1, 80-82 cm (488.3 mbsf; Pessagno and Michael, 1974).
In the top part of core 217-24 Abathomphalus intermedius is still present,
possibly indicating the mid-Maestrichtian Gansserina gaaz.cii Zone
(Shipboard Scientific Party, 1974). The planktonic foraminiferal zonation of
the remainder of the Upper Cretaceous is problematic because of the lack of
zonal marker species. The presence of Bolivinoidesu dco miliaris in core 217-

27 indicates upper Campanian to lower Maestrichtian, the presence of3 Globotruncana of the &rg/rosetta group in core 217-36 suggests a Campanian

age (Shipboard Scientific Party, 1974).

* Age Model

Since no paleomagnetic data are available for DSDP Hole 217, the age

model relies on nannofossil and planktonic foraminiferal biostratigraphy. The
biohorizons available to construct the sedimentation rate curve are discussed3 in the previous chapter and are listed in Table 4. The results are plotted in
Figure 11. The depth assigned to each biohorizon is the average between theI

I
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lowest/highest occurrence and the subsequent sample in which the species

was not observed.

All five biohorizons can be connected with one straight line. Since the

K/P boundary and the LO Q. urifid,.um are the best constrained datum points

available, they were used to calculate the sedimentation rate (15.81 m/m.y.).

Table 4: Biohorizons used to construct the sedimentation rate curve of Hole 217

(HO = highest occurrence, LO = lowest occurrence). For age assignments see

chapter "Biohorizons". The depth determination of each biohorizon is

described in the previous chapter.

Boundary/ Sample (mbsf) average Age Sed. rate
Biohorizon Depth (m/m.y.)

K/P boundary 16-CC (421.0) 421.00 66.40
17-1 (421.0)

LO hi. murus 18-CC (440.0) 442.0 67.60

19-3, 100 cm (444.0)

LO L. guadratu. 20-CC (459.0) 460.26 69.03

21-2, 101 cm (461.51

LO A.. 23-CC (487.5) 487.90 69.67

24-1, 80-82 cm (488.3)

LO Q. trifidum 24-CC (497.0) 498.13 71.28

25-2, 76 cm (499.26)

77.13m/4.88 m. y.=

15.81
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I Figure 11: Sedimentation rate curve for the Maestrichtian section in Hole 217.
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slumps occur in Core 528-31 corroborating geophysical evidence for
reworking and erosion on the slope of Walvis Ridge. The lower slump (528-31-

6, 90-150 cm) occurred within Chron C29R and had to be subtracted for the

calculation of the lowest Paleocene sedimentation rate.

Cores 528-39 to 528-47 penetrated basaltic basement rocks with
interbedded upper Maestrichtian sediment (lithologic unit IV; Shipboard

Scientific Party, 1984).

The K/P boundary

In agreement with Manivit (1984) the K/P boundary occurs between
Cores 528-31 and 528-32. The sediments at the very top of Core 528-32 (sample

528-32-1, 8 cm) contain a moderately well preserved uppermost Maestrichtian
assemblage, including the markers ML. p ,rinii Mh. murus and N.. frequens
which indicate the upper part of the N. freoquens Zone (Perch-Nielsen, 1979).

In contrast, the nannofossil assemblages in 528-31-CC are poorly preserved
and dominated by fragments of Thoracosphaera. Other persistent taxa (E.

SNeocrepidolithus spp., D.. constans, M. inversus) are much more
abundant than in the underlying core. Bianh.Jwithus sparsus, the first truly

Cenozoic calcareous nannofossil taxon, was encountered in sample 528-31-7,
58-59 cm, 0.3 mn above the boundary between Cores 528-32 and -31. Manivit
(1984) reported D. &VAL= from sample 528-31-CC, and the first occurrence of

C-. primus in 528-31-5, 150 cm (405.00m), indicating that the lower part of NP1

is present between 528-31-CC and -31-5, 150 cm (407.0-405.0 mbsf). Thus

calcareous nannofossils indicate that the K/P boundary is complete in Hole 528

(i.e. all nannofossil zones are present).

Planktonic foraminifera indicate that the K/P boundary occurs between
Cores 528-31 and -32 (Boersma, 1984) in agreement with the calcareous

nannofossil boundary. A very thin (0.5-1cm), blue-tinged, fine-grained

sediment layer occurs at the very top of the Maestrichtian at all Walvis Ridge

Sites, containing a unique foraminiferal fauna (528-32-1, 1 cm; Boersma, 1984):

small individuals, typical of the upper Maestrichtian &. my eS. Zone

together with lcd.bergell.monmouthensis and heavily costate

Pseudoguembelina excolata characterize this layer. Substantial amounts of

pyrite were present in the foraminifera tests (Boersma, 1984). The P.. eugubi

Zone (lowermost Paleocene) occurs in Core 528-31-CC to -31-7, 24 cm (Boersma,

1984). The sediment contains volcanic glass and less pyrite than below the
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1 6) DSDP Hole 528

* Location

DSDP Hole 528 is located on the north western slope of Walvis Ridge in
the South-Atlantic (28*31.49'S; 2*19.44'E) in 3800 in waterdepth (Shipboard

Scientific Party, 1984). The latitude of Walvis Ridge during the late
Maestrichtian was 36*S±+1 (Chave, 1984). Because this hole reached basement
in the A.. ymbiformis Zone only the uppermost Maestrichtian interval was

investigated in detail in this study.3 A conspicuous cyclical alternation of reddish-brown and white

sediment-layers occurs in the Maestrichtian in Hole 528 (Borella, 1984); the3 individual layers are about 0.3 to 0.5 m thick. It has been argued that these

color cycles are a record of Late Cretaceous precessional climate cyclicity,

because the mean absolute period of the color cycles (23.5±4.4 kyr) is similar

to the predicted Late Cretaceous precessional period (20.8 kyr; Herbert and
D'Hondt, 1990). One of the reasons that Hole 528 was included in this study was
to ascertain whether and in which way calcareous nannofossil assemblages
change in response to the proposed climatic cycles.

SFour samples that were counted are assigned to the lowermost Paleocene
because at the beginning of the study of this hole, the exact location of the K/P3 boundary (within 528-31-CC, or between Cores 528-31 and 528-32) was unclear.

Lithology

About 63 m (Cores 528-32 to 528-38) of upper Maestrichtian sediment
were penetrated in DSDP Hole 528. The sediment consists of foraminiferal
nannofossil chalk interbedded with volcanoclastic turbidite sandstone
(lithologic unit III, Shipboard Scientific Party, 1984). Turbidite sediments3 occur most abundantly in Cores 528-37 and 528-38 (lithologic subunit IIIC).
Fining upward volcanoclastic sequences with varying clay content (10-78%,5 Shipboard Scientific Party, 1984) alternate irregularly with nannofossil

chalks. Parallel laminations, normal and reversed graded bedding, and flaser

bedding are common in the sandstone layers. Scoured contacts between the

volcanoclastic and the chalky layers resulted from turbidity currents.
Volcanoclastic turbidites occur also in Cores 528-32 to 528-37, but they are
much rarer and thinner. The turbidite beds as reported in the core description

of Hole 528 (Shipboard Scientific Party, 1984) are shown in Figure 12. TwoI
1
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boundary. Inverse to the trend in nannofossil preservation, foraminiferal

preservation is better above the boundary than below (moderately well versus

poor). Based on comparison of planktonic foraminiferal biohorizons (LADs,

FADs) in this section with those in more expanded, epicontinental K/P sections

(Brazos River and El Kef) MacLeod and Keller (1991) argue that a hiatus of 100

to 250 kyr exists at the K/P boundary in Hole 528; it is unclear if this hiatus

occurs exclusively in the Paleocene or if it extends into the Maestrichtian.

Magnetostratigraphy

Paleomagnetic measurements were performed on samples taken at 30-60

cm intervals in undisturbed cores (Chave, 1984). Demagnetizing fields of 15-30

mT were sufficient in most cases to remove any magnetic overprint. All

samples were measured, demagnetized, and measured again (Chave, 1984). The

natural remanence of the sediments proved to be very strong and yielded

essentially the same stratigraphic interpretation as the demagnetized results

(Chave, 1984). Walvis Ridge Holes 525A and 527 have better recovery and

therefore more complete paleomagnetic records than 528. Comparison of the

paleomagnetic record of 528 with those of 525A and 527 and integration of

micropaieoniological data yielded consistent paleomagnetic interpretation of

the four Walvis Ridge Sites.

The following magnetochrons were identified in Hole 528 (Figure 12):

the K/P boundary occurs close to the top of a reverse interval (Chron C29R).

The boundary to the underlying normal interval is very sharp (Chave, 1984);

it occurs between Sections 528-32-4 and -5. Micula turus first occurs in the

upper half of this long normal interval indicating Chron C30N (Monechi and

Thierstein, 1985). The normal interval extends down to the base of Core 528-37.

Very low values of inclination ocurred in the top half of Core 528-33 (ca. 417-

420.5 mbsf; Chave, 1984). Lit iralp~hjid a guadratus was observed to have its

first occurrence very close to the base of the long normal interval (Manivit,

1984), indicating Chron C31N (Monechi and Thierstein, 1985). The short

reverse Chron C30R was not identified in Hole 528. The boundary with the

underlying reverse interval could not be established precisely, because of

turbiditic sediments in the upper two sections of Core 528-38. The lowermost

sediments above the uppermost basalts of Hole 528 (lower half of Core 528-38)

are of reverse polarity, representing Chron C31R.
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I
Age Model (Table 5 and Figure 12)

SThe sedimentation rate of the lowermost Paleocene was calculated using

the K/P boundary and the 29N/29R boundary.3 Two paleomagnetic boundaries (29R/30N and 31N/31R), the K/P

boundary and two biohorizons (lowest occurrence of Mh. mturus, LO L.

i adiatan) are available to construct the sedimentation rate curve for the

upper Maestrichtian. The age estimate assigned to the lowest occurrence of M.
murus is an average calculated from the four South Atlantic sites listed in3 chapter "Biohorizons" (see discussion there). The K/P boundary the 29R/30N

boundary and the lowest occurrence of M_. murus can be connected with a3 straight line, corresponding to a sedimentation rate of 19.56 m/m.y. The age of
the lowest occurrence of Mb. murus thus obtained (67.4 Ma) is used as the upper3 tie-point for the sedimentation rate in the lower portion of the section which

is about 20 m/m.y.

I
3

Table 5: Sedimentation Rates in the lowermost Paleocene and Upper Cretaceous3 in Hole 528.

Boundary Depth') 2) Age 3) Sed. Rate

(mbsf) (Ma) (mr/m. .)

29N/29R 406.0 66.17
b4 1.0-O.6m(slump)/0.23m.y. = 1.74IK/P boundary 407.0 66.14

6.65m/0.34m.y. = 19.56
29R/30N 413.65 66.74

LO M. murus 424.47 67.40 19.56

40.53rn/2.0m.y. = 20.27
31N/31R 465.0 69.40

1) magnetostratigraphy after Chave (1984)
2) biostratigraphy after Manivit (1984), Boersma (1984) and own observations
3) after Berggren et al. (1985) and Kent and Gradstcin (1985)N

I
I
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Figure 12: Sedimentation rate curve for the Maestrichtian section in Hole 528.
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7) Miller's Ferry Section (Hole 226), Alabama

1 The Cretaceous/Paleocene sequence near Millers Ferry (Alabama) was

cored by the U.S. Army Corps of Engineers during the construction of the

Millers Ferry Dam on the Alabama River. The samples included in this study

are from one of the boreholes drilled (Hole 226) and were supplied by R. K.

Olsson (Rutgers University). This core represents a low latitude, epicontinental

I section. Its latitude in the latest Cretaceous was about 30 0-35°N

(paleocontinental reconstructions of Smith and Briden, 1977, and of FirstbrookU et al., 1979). The sequence recovered in Millers Ferry Hole 226 consists of

Upper Cretaceous chalk of the Prairie Bluff Formation and of lower Paleocene

3 sandstone, siltstones, and marls of the Pine Barren Member (Clayton

Formation). Planktonic foraminifera in this section were investigated by Liu

(1992) who placed the K/P boundary at the top of the Prairie Bluff Chalk, a

level where l 1cretacea increases in relative abundance. The upper
Maestrichtian marker species A-. mayaroensis is absent in Millers Ferry (e.g.

I iMancini et al, 1989). Liu (1992) reports that the lowermost planktonic

foraminiferal zone (P0) is missing in Hole 226, indicating a short hiatus at the

3 K/P boundary.

Investigation of the calcareous nannofossils in Hole 226 showed that the

3 Muppermost Maestrichtian marker fossils of low latitudes, Micula murus and

MicuLa. prjnsi, as well as the high latitude marker species Nephrolithus

freguens are present (Olsson et al, 1992). Consequently, the absence of A.

mayaroensis must be explained as environmental exclusion and not as the

consequence of a hiatus. Immediately above the level where Liu (1992) placed3 the K/P boundary there is a conspicuous increase of Cyclagelosphaera spp.,

similar to ODP Hole 761C, but Cretaceous (vanishing) nannofossil taxa still

Sdominate the assemblage in the lowermost Paleocene samples. The lowest

occurrence of Biantjlithusparsus was observed in sample #5, 4 cm above

3 the K/P boundary.

Age Model

Few constraints exist in the Maestrichtian portion of this section to

estimate the sedimentation rate. Paleomagnetic data are not available; the

zonal boundary between the hi. prinsii Zone and the M. maurus Zone is not

present in the core, hi. prinsii occurs throughout; a hiatus is present in thisI
I
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hole in the lowermost Paleocene (planktonic foraminiferal zone PO is absent:
Liu, 1992) and it is unclear whether this hiatus is restricted to the Paleocene or

whether it extends down into the Maestrichtian. Because of these uncertainties
only a minimum estimate of the sedimentation rate can be given based on the
fact that M.. 11rinsii is present throughout the section. The average duration of
the M. pnii Zone is 0.23 m.y. (see chapter Biohorizons), leading to an

estimated minimum sedimentation rate of 10.2 m/m.y. This figure is
comparable to the sedimentation rates of upper Maestrichtian chalks in the
other sites included in this study (12.7-19.6 m/m.y; Holes 217 and 528,
respectively).

In comparison, a sedimentation rate of 5.1 m/m.y. was reported for the
upper Maestrichtian section near Braggs, Alabama (Channell and Dobson,
1989). But the presence of (at least) one hiatus of unknown duration

(minimum 80 000 years, Channell and Dobson, 1989) in the Braggs section, as
well as different lithology (predominantly clastic; Copeland and Mancini,
1986) make a direct comparison of sedimentation rates between the two

sections difficult.

For this study a sedimentation rate of 10 m/m.y. is adopti.d to estimate
sample ages in the Millers Ferry section and I assume that the hiatus in the
lowest Paleocene does not extend into the Maestrichtian.
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I CHAPTER 4
RESULTSI

1) ODP Hole 690C3 (A) Differences between the early and the late Maestrichtian

The number of taxa recorded in each sample decreased from about 30-40

taxa per sample in the early Maestrichtian to less than 25 taxa per sample in

the late Maestrichtian (Figure 13a). The anomalously low values at about 72.1
Ma and at about 75 Ma were recorded in poorly preserved samples and are not

considered to reflect a genuine diversity decrease at these levels. The diversity
decrease occurred rather abruptly between 71.1 and 70.4 Ma. There is a slight3 decrease in preservation between these two samples (from moderate

preservation at 71.1 Ma to moderately poor preservation at 70.4 Ma) but I

consider it too small to cause the diversity decrease from 34 to 19 taxa.

The species that shows the most pronounced abundance increase from

the early to the late Maestrichtian is Prediscosphaera stoveri (Figure 13b).

This species constituted <10% of the assemblage in most samples in the lower
Maestrichtian. After -70 Ma the abundance of this species increased rapidly; it3 constituted 40-60% of the entire assemblage during most of the latest

Maestrichtian (67-66.4 Ma) with a peak value of >80%. The relative abundances3 given for P. stoveri are percentages of the entire nannofossil assemblage. In

contrast, the abundances given for all other taxa were calculated exclusive of

P.. stoveri: otherwise the mass occurrence of P. stoveri during the late

Maestrichtian would have largely obscured the abundance fluctuations of
other taxa.

The majority of nannofossils that disappeared close to the early/late

Maestrichtian boundary are representatives of typical austral taxa that were3 either unknown or extremely rare at middle and low latitudes. They include

B iscunuiagn.um., £hia Ioxg garisonii, Monomarginatus spp.,3 Misceomarginatus spp., Neocrepidolithus wainsii, N .ephrlithus Cw.,y.

Pkan.ulithui.obscurus, Psyktosphaera firthii and Reinhardtites spp. (Figure
14a - h). All of these taxa are common or abundant in the early Maestrichtian.

The following taxa were present as minor components (less than about 2%)
i during the early Maestrichtian, but were absent during the late Maestrichtian:

Bi c t mboletum, Bi c t mcoronum, Bi c l mdissimilis. Biscutum sp. 1,
Biscutum sp. 2, £kj jzygus amlhpons, C.hias.z.y.gus sp. 1, •QI y•t.oJ.yu m.agn.us,

I
I
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(a) Taxon Richness (b) P. stoveri
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Figure 13: (a) Taxon richness in Hole 690C plotted against age. Note the
pronounced abundance decrease between -71 - 70 Ma. (see text for discussion).
(b) Relative abundance of Prediscosphaera stoy.ri in Hole 690C. This species
becomes very abundant in the late Maestrichtian.
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abundance during the Maestrichtian in Hole 690C. (Percent were calculated3 exclusive of P. stoveli.)
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Scpholij1us fossilis. Staurolithites laffitteli, Zygo s compactus and

Zygo.djisi.dip.orgiaus (Figure 15a - h; Figure 16a - d).

Several taxa displayed higher relative abundances in the early than in
the late Maestrichtian assemblages. Lzuuin notaculum (Figure 16e) shows

this trend most pronouncedly: it reached peak values of almost 40% during the

early Maestrichtian, drops to less than 5% between 71.1 Ma and 70.4 Ma (which

is coeval with the diversity decrease) and was absent from the counts in almost

the entire upper Maestrichtian interval (Figure 16e). A very similar trend was
observed for the group A-. octadiata and P. regularis (Figure 16f): while

common to abundant during the early Maestrichtian and up to 71.1 Ma (about
10-15%) this group drops to almost 0% at 70.4 Ma and remains at values below

5% during most of the late Maestrichtian. Other taxa that occurred commonly
or rarely during the early Maestrichtian but were extremely rare or absent
during the late Maestrichtian include Biscutum .onstans, Discorhabdus

.gno.ui Phczygus .k oii, Prediscosphaera •k•hangelsky-L Rhombolithion

rhombicum, and Watznaueriab e (Figure 17a - f). Thoracosphaera spp.
and Vagaapflla spp. decrease in abundance between the early and the late

Maestrichtian, but are common to rare in both intervals (Figurel7g, h).

prld.t.hu• frequens (Figure 18a) is the only taxon that evolved
during the late Maestrichtian. This species was absent prior to -71 Ma, but

constituted over 20% of the assemblage where it was first observed (at about
70.4 Ma). During the late Maestrichtian this species constituted up to 40% of

the entire assemblage. Two other taxa are almost completely absent during the
early Maestrichtian, but are important assemblage elements during the late
Maestrichtian: Cribrosphaerella(?) daniae (Figure 18b) increased from about

1% at 71.1 Ma to >15% at 70.4 Ma, dropped again to values <5% between about
69.5 Ma and 68.4 Ma, and reached abundances of up to >10% in the latest
Maestrichtian (67-66.4 Ma). Similarly, (. fessus (Figure 18c) was absent in most

samples prior to about 70 Ma, it was present in low abundances (<1%) between
about 70 and 68 Ma, and reached values up to almost 8% in the latest
Maestrichtian (about 67-66.4 Ma). Cretarh•abdu spp., C-. e.h.r.nbrgii, K.

mlagn•aicu,, L. cayeuxii, P. fibuliformis, and P. cretacea (Figures 18d-h and
19a) were common to abundant during the entire Maestrichtian and showed a
slight abundance increase from the early to the late Maestrichtian.
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Figure 15: Relative abundances (%) of nannofossil taxa which decrease in
abundance during the Maestrichtian in Hole 690C. (Percent were calculated3 exclusive of E. stoveri.)
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Figure 16: Relative abundances (%) of nannofossil taxa which decrease in
abundance during the Maestrichtian in Hole 690C. (Percent were calculated
exclusive of P. stoveri.)
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Figure 18: Relative abundances %)of nannofossil taxa in H-ole 690C. (Percent
were calculated exclusive of P. sItxvcxi.)
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Hardly any changes between the abundances in the early and the late3 Maestrichtian are apparent in Arkhangelskiella spp. and roins.oan.i.a. spp.

(possibly a slight increase?), E. turriseiffeli. (possibly slight decrease?),

I artrerag spp., M. stig£.Iuo.pra (possibly slight increase?), and P. spinosa

(possibly slight decrease; Figure 19b-f); all of these taxa are common to

abundant throughout the Maestrichtian, except for M. sau..p11.0.a which is

rare (<3%, Figure 19e).

3 B) Abundance Changes of Calcareous Nannofossils Between 66.90

and 66.40 Ma3 Taxon Richness: Taxon richness remained essentially constant during

most of the latest Maestrichtian (16-21 taxa; Figure 20a). A slight diversity

decrease is discernible around 66.45 Ma, possibly due to dissolution effects in

several poorly preserved samples around this level. A diversity increase

followed these low values and continued up to the K/P boundary; in two

samples immediately preceding the K/P boundary the highest diversity values

of the latest Maestrichtian interval were recorded (23 taxa, Figure 20a). These

Shigh values are due to increasing abundances of the persistent taxa (B.

constans, M. inversus, Neocrepidolithus spp., P.. sigmioides, Thoracosphaera3 spp.; Figure 20b-f) resulting in their constant recognition in the counts

performed. In addition, typical incoming species (Hornibrookina,

Cruciplacolithus) were encountered in several samples before the K/P

boundary and artificially increased the diversity; their presence is

interpreted as a consequence of heavy bioturbation of the K/P boundary3 interval (see also the discussion in Pospichal et al., 1990).

3 Relative abundance: Several taxa show very conspicuous abundance

variations during the latest Maestrichtian. Lucianorhabdus cayeuxii displays3 the most pronounced abundance changes (Figure 20g): it is common to

abundant between about 66.78 and 66.90 Ma, but is virtually absent between

c-66.76 and 66.61 Ma; it increases in abundance again after 66.60 Ma and

constitutes up to >30% of the assemblage during most of the last 200 ky of the

Maestrichtian. However, a constant decline begins at about 66.44 Ma and

continues until the K/P boundary; in the youngest samples investigated this

species constitues <5% of the entire assemblage.I
I



78

b) AdJhacseddded- spp.

a) P. auac (S) and Bhok.aIa spp. (%) C) E. Ouyisdaffhj (S) d) GCm-wqo pp. (,)
o 1.0 3D 30 o% S IO is 3D 0 2 4 * $ 0 S 6 S a2 5

W* M" "a4

3* #72 670* 67a
O9b Oft MAI J

71a 71a 71 AD 7"1

a2 72a 72a 72A

730 73D 73* 732

74* 744 74*0 U a

75* 76a 73a 75*

e)M. Ksurphora1%) 0 P. 9- (%
o 1 2 3 0 10 3D 30

660 "a*

670 67*

790! "l070* 730

72D 727

73* 73*

740 74*

75* 730*
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were calculated exclusive of P-. stoveri.)
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Micula s.ItLroph.ora is an order of magnitude rarer than L. cayeuxi. but

shows similar abundance variations (Figure 20h). It is rare (<1%) prior to

about 66.78 Ma, virtually absent between about 66.78 and 66.62 Ma, and

comparatively more abundant (up to 3%) between -66.78 Ma and 66.52 Ma.
After -66.52 Ma it is very rare again (virtually always <1.5%) and was not

encountered during the counts in many samples.

la.ozy..gifibuliformis. (Figure 21a) displays abundance variations that

are almost exactly opposite to those of L. cayguxii: Pla.Qzygus fibuliformis

increases in abundance from <2% to 2-6% between 66.78 and 66.76 Ma. At about

66.58 Ma it reaches its peak abundance (>6%), and then drops precipituously to
very low values (<1%) at about 66.56 Ma; P_. fibuliformis remained a minor

component in the latest Maestrichtian assemblage.
Microrhabdulus 4ecuatus. a very rare species (always <1%; Figure 21b)

was more often encountered during the interval when P. fibuliformis showed

increased abundance.

It must be pointed out that L. cayeuxii and M. staurophora on one hand,

and P. fibuliformis (and Mh. decorjus) on the other, are not mutually exclusive;

all four taxa occur together between about 66.60 and 66.57 Ma. This overlap

cannot result from bioturbation since P_. fibliJu.f.rms.j and M. a.aux.p.D.ho.ra show

very sudden abundance changes, whereas bioturbation would tend to smear

out abrupt changes.

GlaukJlikus fessus increases in abundance from about 66.85 Ma (<2%) to
about 66.63 Ma (almost 8%; Figure 21c). High, but strong fluctuations (4-8%)

occur between -66.63 and 66.58 Ma after which a fairly abrupt abundance

decrease occurred (between 66.58 and 66.56 Ma) to values <1%. This decrease
was coeval with the abundance decrease in P. fibuliforxmis. Strongly

fluctuating abundance values (between 0 and >4%) occur in this species

during the last 150 ky of the Maestrichtian (66.55 to 66.40 Ma).

Ahmuellerella , j.ar..d.ata and P. regularjs (Figure 21d) were grouped

together at this site, because these sr~cies could not be differentiated

consistently in all samples due to poor preservation in some samples. However,
I believe that almost all specimens included in this group belong to A.

oc.t.rdatia. During most of the latest Maestrichtian this group represents <5%
of the assemblage. The abundance variations are similar to those of CL. fassus:

an abundance increase occurs between -66.80 and 66.63 Ma where maximum
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Figure 21: Relative abundances (%) of nannofossil taxa in the latest
Maestrichtian (-66.4 - 66.9 Ma) in Hole 690C. The K/P boundary lies at 66.4 Ma.
(Percent were calculated exclusive of P. stoveri.)
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values of >4% were recorded. Subsequently values decreased again to about 1%

or less at 66.55 Ma and remained low for the remainder of the Maestrichtian.

During the very latest part of the Maestrichtian (66.40 to 66.46 Ma) high

abundance flucttations occurred (between 0 and 4%).

Kamp i mL.gnific.s reached two abundance maxima in the early

part of the latest Maestrichtian (at -66.84 and at 66.81 Ma) when this species

constituted between 25 and 30% of the entire assemblage (Figure 21e). Apart

from these isolated peak values, the abundance of K.. agnifkja changed only

little during the last 0.5 m.y. of the Maestrichtian. A slight decrease in

abundance occurred at -66.60 Ma (from values around 13% to <10%). This is at

the time when L. c.ayexii and Mb. staurop.o.rha increased in abundance; it is

possible that this decrease of K. mnagnificu.us is only an effect of the closed sum

of the calculation of percentages. At -66.52 Ma abundance values increased

again and between this time and the K/P boundary values fluctuated between 5

and 15%.

E.iffelithujas turriseiffeli varied considerably in relative abundance

during the latest Maestrichtian (Figure 21f): very low values (<1%) occur at

-66.84 and at 66.81 Ma. An abundance peak of about 5% occurred at -66.72 Ma;

after this maximum values decreased to about 1% and remained low until about

66.61 Ma. Eifkllithus niseiffeli became more abundant (-2-4%) between

about 66.60 and 66.57 Ma. This is also the time when P. fibuliformis and L.

cayeuxii occurred together. Close to 66.57 Ma the abundance ot E. turriseiffeli

declined to low values (about 1%). As CL. fessus, E. turriseiffeli displayed

somewhat higher and highly variable abundance during the last 150 ky of the

Maestrichtian (between about 66.55 and 66.40 Ma).

Cribrosphacrella chrenberg. constituted about 2% of the assemblage

during the early part of the latest Maestrichtian (between about 66.91 and

66.60 Ma; Figure 21g). It reached a peak abundance of >6% at -66.595 Ma and

decreased again to lower values -2%. Fairly variable values were recorded

between about 66.55 and 66.40 Ma.

Vagalapilla spp. displayed very low abundances at 66.835 and at 66.81 Ma

(Figure 21h); between 66.75 and 66.69 Ma relative abundance values of this

group of species lay between 2 and )-; subsequently they decreased and

fluctuated around 1% while isolated peaks occurred at 66.57 Ma (>3.5%), at 66.45

Ma (5.5%) and at 66.43 Ma (about 4%).
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The abundance of .•artns,.g spp. decreased gradually throughout most

of the latest Maestrichtian (Figure 22a) from about 2.5% at 66.91 Ma to <1% at

-66.55 Ma. A peak abundance of 3.5-4% occurred between -66.54 to 66.53 Ma.

During the latest Maestrichtian (66.40 to 66.46 Ma) abundance values of species

of this genus displayed considerable variability (0 - -3%).

During most of the latest Maestrichtian the relative abundance of N-.

freuens (Figure 22b) remained constant around 25% (± -5%). However, its3 abundance increased to values between 30-40% during the very latest

Maestrichtian (between about 66.43 and 66.41 Ma).

Abundance values of P. spinosa fluctuated around 4% (± -2%; Figure

22c) during most of the latest Maestrichtian (-66.91 - 66.48 Ma); after about

66.48 Ma its abundance decreased to values averaging 1% (0-4%).

The relative abundance of the group of Arkhangelskiella spp. and

iroinsonia spp. remained fairly constant throughout the late Maestrichtian

(Figure 22d). Abundance peaks were recorded at -66.84 and at -66.81 Ma, and at

-66.605 Ma. This group displayed conspicuous abundance variations during the

latest Maestrichtian (between about 66.46 and 66.40 Ma).

Prediscosphaera cretacea was among the more abundant taxa (Figure

22e), constituting on average around 10% of the late Maestrichtian

.assemblage. Lower abundance values occurred at -66.84 and at -66.81 Ma, and

an abundance peak of almost 10% above the longterm average (i.e. >20% vs.

-10%) occurred between -66.67 and 66.63 Ma.

Prediscosphaera stoveri predominated in the latest Maestrichtian

assemblage. This species constituted about 70% of all calcareous nannofossils

prior to -66.85 Ma (Figure 22f), its abundance decreased sharply at -66.84 Ma,

but recovered subsequently and reached an unprecedented peak of almost 80%

at about 66.73 Ma. Afterwards the abundance of P. stoveri decreased to -50% (at

-66.67 Ma) and remained close to this abundance during the remainder of the

latest Maestrichtian (Figure 22f).3 Abundance values of Cr..etariha•bdj spp. changed little during the latest

Maestrichtian (Figure 22g). Only around 66.50 Ma two very low values were

recorded. During the very latest part of the late Maestrichtian (-66.48 to 66.40

Ma) the abundance values of the species of C.tai.r.ab.u.•_ displayed a higher

intersample variability than throughout the earlier part.

I
I
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Figure 22: Relative abundances (%) of nannofossil taxa in the latest
Maestnichtian (-66.4 - 66.9 Ma) in Hole 690C. The K/P boundary lies at 66.4 Ma.
(a) to (e) and (g): Percent were calculated exclusive of P_. asx.vxri.
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I
Absolute abundance and fluxes: The number of coccoliths and

nannoliths (exclusive of the placoliths P. stoveri) that were observed per

viewfield are plotted in Figure 23a. High values prior to -66.84 Ma are followed

by a pronouncedly lower values between -66.84 and 66.78 Ma. Subsequently,

values increased again and reached maxima between -66.75 - 66.66 Ma.

Between -66.66-66.55 Ma the numbers of placoliths per viewfield decreased

steadily, and remained at a constant level between -66.55 and 66.40 Ma. A

similar trend was observed in the abundance variations of the number of
placoliths of P. stoveri between 66.90 and 66.40 Ma (Figure 24a).

In the curve of coccoliths and nannoliths per viewfield (Figure 23a) low

values occur at -66.83 Ma, -66.81 Ma and at -66.74 Ma. These correspond to a

reduction of nannofossil specimens of 80% and 70%, respectively. Micarb3 (microcrystalline carbonate) is much more abundant in these samples than in

the adjacent ones. This, as well as the relative enrichment of dissolution
resistant taxa (according to Thierstein, 1980) at these levels (L. cayeuxii, K.

magnificu., Arkhangelskiella spp. and Broinsonia spp.; Figures 20g, 21e, 22d)
and the massive reductions of dissolution susceptible taxa (e.g. -Q. fessus, E.

turriseiffeli, Yaga.la.alla spp., P. spinosa; Figures 21c, f, h, 22c), suggest that

the low values of calcareous nannofossils per viewfield do not correspond to a
primary signal but reflect extensive dissolution. The older two outlier values
are also apparent in the curve of P. stoveri (Figure 220, but the value at 66.74

Ma is not unusually low.

The long term abundance reduction of P. stoveri as well as of the sum of

all other coccoliths and nannoliths after -66.70 Ma is considered to be a

genuine signal rather than an artifact of deteriorating preservation:

examination of the preparations did not reveal long term trends of changing

preservation or increasing micarb content upsection; relative abundances of

dissolution resistant taxa do not increase in concert with the falling

"I "specimens-per-viewfield" curves (L. caeuxJi., Figure 20g; K. magnificsji,
Figure 21e; Arkhangelskiella and B.rQi.Hnsnia, Figure 22d), nor do dissolution

susceptible taxa display systematic decreases (e.g. E. turriseiffeli, Figure 21f;

_agalalg.lJ.a spp., Figure 21h; P_. spinost, Figure 22c).

The numbers of coccoliths and placoliths per gram sediment and per

gram carbonate as well as the fluxes derived from these data are plotted in
Figure 23b-e). The same calculations were performed for P. stoveri and theI

I
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data plotted in Figure 24b-e. These plots reiterate the trends observed in the

curves of specimens per viewfields as discussed above. The graphs of the

fluxes of calcareous nannofossils (Figure 23c and e) indicate that the elevated

values between about 66.72 and 66.60 Ma represent a brief excursion over

lower background values (60-80x108 versus 20-40x108 specimens/cm 2/ky).

Also the flux of P. stoveri shows a pronounced increase in about the same

interval (Figure 24e).

The decrease of absolute abundances of calcareous nannofossils during

the latest Maestrichtian is not reflected in a similar decrease of the carbonate

content. The discrepancy between these two curves is most likely accounted

for by the increase of foraminifera as a sedimentary component during this

time interval (compare Figure 5 in Chapter 3 on page 37).
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2) ODP Hole 761B and ODP Hole 761C

I
(A) Long term trends: Hole 761B

The taxon richness recorded in all samples in Hole 761B is plotted

against age in Figure 25. An increase in species richness from about 30-35 taxa

per sample to values between about 40-45 occurs throughout the entire section

investigated. This increase is more pronounced between about 71-69 Ma than

afterwards.I
All relative abundances that are discussed below were calculated3 exclusive of hi. stauroiuhora.

Lit.rap.hd.its quadratus and L. Pir.a,.gua[r.ausa both were beyond the

detection limit prior to about 69.5 Ma. After that both taxa increased in

abundance (Figure 26a, b); this increase was very abrupt and pronounced in L.

pieu.atuLiia, which remained at about the same abundance level (-3%) for
the remainder of the Maestrichtian. In contrast, L. quadratus was always rarer

(hardly ever exceeding 1%), but increased steadily in relative abundance
between 69 Ma and the K/P boundary. Tranolithus ma.ljeae (Figure 26c) was

absent prior to about 69.5 Ma. Subsequently it was encountered in most samples3 but remained a minor component of the nannofossil assemblages (<2%).

Biscutum constans (Figure 27a) is one of the taxa displaying more or less

constant abundances (around 5%) throughout the late Maestrichtian, but

displays an abrupt and drastic abundance decrease at about 67 Ma. During the
late Maestrichtian this species constituted <1% of the nannofossil assemblage.

A pattern that is almost inverse to that of B. constans was recorded for

Biscutum sp. I (Figure 27b): this species constituted <5% during most of the late3 Maestrichtian, but increased in abundance during between -67.5 Ma and 66.4
Ma (to -7%). A similar pattern was recorded for Corollithion ex.igujum: this3 species was so rare that it was beyond the detection limit prior to -66.5 Ma;

after -66.5 Ma this species was still rare (<1%), but it was recorded almost

consistently between 66.5 - 66.4 Ma (Figure 27c). The abundance distribution of

Cribrosphaerella(?) daniae (Figure 27d)was very similar to that of C. &.g.ua:
C. daniae was rare (<1.5%) but recorded almost consistently between -66.5 - 66.43 Ma, whereas prior to - 66.5 Ma this species was almost always absent.

Cylindralithus ga .[icu (Figure 27e) was rare during most of the lateI
I
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Taxon Richness
Hole 761B

20 30 40 50
66.0 .number of taxa per sample

66.57
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Figure 25: Plot of taxon richness (number of taxa per sample) versus age. The
taxon richness increased slightly during the late Maestrichtian, no gradual or
stepwise decline prior to the K/P boundary (at 66.40 Ma) is discernible.
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L. pracquadmaus -L quadaraus TranoLithus macicodac3 6 -66 66

67- 67- 67-

168- 68- 68-

- 69 69

<70 70- 70-

71 71[ 71
I
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I

I Figure 26: Relative abundance plots of selected taxa in Hole 761B during the
late Maestrichtian. The data were calculated exclusive of M__. stgajjpjra.I
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Maestrichtian (<1%) but its abundance increased abruptly to values >1.5% after

-67 Ma. After peak values (-2%) had been reached at -67 Ma, relative

abundance of f.. galaicus decreased again between -67 Ma and 66.4 Ma.

Cyliallnhusserratus was encountered commonly prior to -70.5 Ma

(Figure 27f) when it reached relative abundance peaks of >3%. Between -70.5

Ma and 66.4 Ma this species was recorded only once. Zygodiscus sp. 1 was very

rare (<1%) prior to about 68 Ma (Figure 28a). Between about 68 Ma and 66.7 Ma

this species increased gradually in abundance (to -1-2%). Between -66.7 to 66.4
Ma this species first decreased in abundance (<0.5% between about 66.6 and3 66.5 Ma), but then increased again to values between 1.5 and 3% during the last
50 ky of the Maestrichtian. Ceratolithoides sp. cf. C-. aculeus was common (2-5%3 in most samples) prior to -66.6 Ma; between -66.6 and 66.4 Ma this taxon was

always very rare (<1%; Figure 28b).

I The relative abundance of G. fessus increased gradually throughout the

late Maestrichtian (Figure 28c). It constituted between about 1-2% around 71
Ma and increased to values close to 5% after -66.8 Ma. An unusually high value

(>10%) was recorded around 69 Ma. Manivitella plemmatoidea was recorded

consistently prior to about 69 Ma, although the relative abundances decreased

between -71.1 - 69 Ma from about 1% to <0.5% (Figure 28d). After about 69 Ma3 this species was very rare and recorded only intermittently. An almost reverse

trend was recoded for M__. belgicus, which was absent or very rare (<0.5%) prior

to about 69 Ma, but subsequently increased in abundance and was recorded

consistently between about 69 Ma and the K/P boundary (Figure 29c). Thc'
relative abundances of P. stoveri increased from -2% to values >10% between

I about 71.2 and 68 Ma.

Watz.nague..ria. barnesa¢ was one of the major constituents of the3 Maestricthian nannofossil assemblages in Hole 761B (Figure 27k); in contrast

to most other abundant taxa its relative abundances did not fluctuate very3 much but essentially remained between 5-10%. At about 66.65 Ma the relative

abundances of W. barnesae increased fairly abruptly to values between -10

and 15% at which level it remained until 66.4 Ma. The relative abundances of

Arkhangelskiella spp. were <5% in most samples (Figure 28g); between about
71 and 70 Ma the abundances were higher, between 5 and 10%.
Cribrosphaerella ehrenbergii (Figure 28h) displayed abundance variations

similar to Arkhangelskiella spp. in so far as this species was rarer around 69!
I
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Ma than either before or after this interval. Discorhabdus ignotu. displayed

only minor long term trends during the Maestrichtian (Figure 28i): its

abundance was highest between - 70.3 and 68.5 Ma. The relative abundance of

M. decoratus remained essentially unchanged during the late Maestrichtian

(Figure 28j); an abundance peak of >10% was recorded at -70 Ma.

Parhabdolithus regularis constituted between 1-10% of the assemblage during

the late Maestrichtian (Figure 28k); slightly higher values were recorded

around 69 Ma than either before or after. The relative abundance of P. spinosa

was highest (-5-10%) between -69.5 - 68.5 Ma, whereas lower vlaues (-3-5%)

were recorded prior to and after this increase (Figure 281).

Ahmuellerella octoradiata was rare in Hole 761B (Figure 29a). Its

abundance in most samples is <0.5%. Although rare, this species was recorded

in most samples prior to -68 Ma, but was not observed in any sample

thereafter. Highly variable abundance data were recorded for P. fibuliformis

(Figure 29b). In the earliest five samples recorded the data fluctuate from -4-

11% between adjacent samples, reminiscent of the abundance fluctuations of

M-. staurophora. Between about 71.1 and 69.3 Ma comparatively low values were

recorded (around 2%). After that the relative abundances increased abruptly

to values slightly >5% and remained at this level until about 66.8 Ma (with two

lower values around 67 Ma). During the latest part of the Maestrichtian (66.7

Ma - 66.4 Ma) the relative abundances of P. fibuliformis decreased from -8%

to-2% (Figure 29b). Placozygus sp. displayed low (between -0.5 and 1%, Figure

29c) but fairly constant relative abundances during most of the late

Maestrichtian: somewhat higher values (between 1 and 2%) were recorded

prior to 71 Ma as well as during the last -50 ky of the Maestrichtian. The

relative abundances of P. cretacea varied widely during the Maestrichtian

(Figure 29f). At about 71 Ma adjacent samples yielded values of 15% and almost

30%. The average relative abundances remained approximately constant

between 20-25% between about 71.2 and 67 Ma. Between 67 Ma and the K/P

boundary the relative abundances of P. cretacea were slightly lower and

varied between -15-20%. The abundance of Rhagodiscu-s spiendnns (Figure

29d) increased from values <0.5% around 71 Ma to -1% at about 69 Ma:

subsequently its abundance decreased again to low values (<0.5%) immediately
preceding the K/P boundary. Stephanolithion spp. (Figure 29c) were very

rare prior to 71 Ma and increased throughout the late Maestrichtian to values
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I around 1% at -66.4 Ma. Comparatively very high values (between 2-3%) were

recorded at about 69 Ma and 68 Ma.

3 B) The latest Maestrichtian: Holes 761B and 761C

Subtle changes in the calcareous nannofossil assemblages in Hole 761B3 occurred during the last 500 ky of the Maestrichtian. In both holes, 761B and

761C, the relative abundance of P. fibuliformis decreased between -66.7 and

55.4 Ma (Figure 30j). The magnitude of the decrease was similar in both holes

(around 8-9% at about 66.7 Ma; 2-3% at the K/P boundary). The decrease

proceeded more or less gradually in both holes, except for isolated outlier

values that seem to be associated with poorer preservation in some instances

(e.g. unusually low values around 66.5 Ma in Hole 761B where M. staurophora

showed increased abundance values).

Several taxa that were important components of the nannofossil3 assemblages in high southern latitude Hole 690C appeared or increased in

abundance during the latest part of the Maestrichtian in Hole 761B. These taxa

included C. daniae, Gartnerago spp., K. nmugnj]•,fs, N. freQuens, and

SagaIajU spp (Figure 30c, i; 31c, d). Species of the genus Garnerag. were

absent from most samples in Hole 761B, but were recorded in three samples

between 66.7 and 66.4 Ma. Kampitnerius Inagnifu.u. was always very rare

(<0.5%). Prior to -67 Ma it was recorded only in isolated samples. Between -67

Ma and -66.4 Ma its abundance increased slightly and it was encountered in

several samples. Nephrolithus fregquens displayed one of the most conspicuous5 abundance increases at about 67 Ma: this species was recorded as early as at -69

Ma, but between about 69 and 67 Ma it was very rare. After -67 Ma the relative

frequency of N. frequens increased abruptly from values <0.5% to values

between 2 and 4% (with a maximum value >6%). Species of Vagalapilla were

rare (<0.5%) throughout most of the Maestrichtian studied in Hole 761B but3 increased in abundance -50 ky before the K/P boundary and reached

abundance values between 2-3%. All of these taxa are characteristic

Scomponents of high latitude assemblages.

Also C. chrenbergii (Figure 30d) which was present during the entire

Maestrichtian in Hole 761B increased in relative abundance during the last 350

ky of the Maestrichtian.

I
I
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C) Assessment of Preservation

The influence of dissolution on the nannofossil assemblages was

investigated at Site 761 by comparing the abundance variations of dissolution

resistant and dissolution susceptible taxa: nannofossil assemblages that were

modified by increased dissolution should be enriched in the former group and

depleted in the later group. Following Thierstein (1980) four taxa were 3
included in the dissolution resistant group: Arkhangelskiella spp., Broinsonia

spp., K. magnificus, and WML. barnesae. The last taxon is by far the most 3
abundant one and controls the pattern of the shape of the curve of the

dissolution resistant group. Included in the dissolution susceptible group were

D. constans, C. ehrenbergii, Da. ignotus, E. turriseiffelii, N. frequens, E..

g.r.ularja, P. fibuliformis, P. cretacea, and E. spinosa. In addition the relative

abundances of hi. tau.oph.o.. was used as an additional very dissolution n

resistant indicator. The graphs are presented in Figure 32. One sample at

around 66.51 was identified where all three 'dissolution indices' indicated 3
increased dissolution (circled in Figure 32a, b, c). In all other samples there is

no unambiguous signal indicating increased dissolution and consequently all

other data points are considered to represent genuine abundance variations.

In some of the older samples (prior to about 70.5 Ma) very high fluctuations in

the relative abundances of the dissolution susceptible group as well as of M___. I
staurophora were recorded. Since there were no corresponding abundance

variations in the dissolution resistant group, these samples were not

considered to be extensively modified by increased dissolution; however, this

possibility could not be completely ruled out and the samples in question were 3
marked with a circle and a question-mark (Figure 32d, e, f).

i
i
I
I
I

I
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(a) Dissolution Susceptible Taxa (b) Dissolution Resistant Taxa. 761B (c) M. staurophora
%% 96
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66.4 66.0 . .......... 66AOa.40. .."

S66.45

366.50 66.50 66.50

166.55 66.55 66.55

66.60 66.60- 66.60

3 66.65 66.65 66.65

366.70' 66.70- 66.70'

66.75 66.75. 66.75U
(d) Dissolution Susceptible Taxa (e) Dissolution Resistant Taxa (M M. staurophora
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66.0. 66.0......................... 66.0 '
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66.5' 66.5- 66.5I67.0' 67.0, 67.0'

67.5' 67.5' 675

68.0 68.0 68.0

68.5' 68.5 68.5
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69.5 69.5 69.5

70.0' 70.0 70.0'

70.5' ? 70.5 70.5 7

71.0' 7 71.0 71.0
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Figure 32: Plots of dissolution susceptible and dissolution resistant taxa, as well
as of Mh . staurophora versus age. The graphs on top represent the latest
Maestrichtian only, while those below represent the entire Maestrichtian
section investigated. The data points that arc circled are most likely modified
due to increased dissolution. The K/P boundary lies at 66.40 Ma.
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3) DSDP Hole 217

A) Nannofossil Abundance Patterns I
The number of taxa per sample recorded in the upper Maestrichtian

chalk in Hole 217 varies between 27 and 44 (Figure 33). Below 455.19 mbsf I
(-68.56 Ma) between 35 and 43 taxa per sample were recorded; in the interval

of high sample resolution between 455.19 and 450.49 mbsf (-68.56 and 68.27 Ma) 3
species richness was highly variable, with values on average lower than

below, fluctuating around 35 taxa. The lowest species richness was recorded at 3
426.70 mbsf (-66.76 Ma; 27 taxa); above this level species richness increased

again and values as high as in the lowest part of the section (between -351-40

taxa per sample) were recorded immediately below the K/P boundary.

While the counts were made the preservation in each sample was noted,

and there was no indication of systematic poorer preservation in the samples I
that displayed reduced species richness (compare "Preservation" among

samples in Appendix II: Table 217). Therefore the trend of decreasing species 3
richness between 492.32 and 426.70 mbsf (-71-66.76 Ma) and the ensuing

increase in the uppermost 5.5 m of the Maestrichtian is considered to be a 3
genuine signal rather than an artifact of preservation. Below I discuss the

abundance patterns of selected taxa in order to examine which taxa disappear

from the assemblages below 426.7 mbsf (-66.76 Ma), and which taxa first

occurred at this level or became more abundant causing the increased species

richnesses just below the K/P boundary. U

Miculat staurophora is among the most abundant taxa constituting -10% 3
to 25% (average 15%) of the entire Maestrichtian assemblage with peak

abundances exceeding 30% (Figure 34). No long term trend of increasing or

decfeasing abundance was recorded. Because of the high abundance of M.

tau.•r.Q•hra.La the percentages of all other nannofossil taxa were calculated

exclusive of Mj. staurolhora. As in the other sections this procedure was I
chosen so that smaller abundance changes in comparatively rare taxa would

not be suppressed. I
a) Taxa decreasing in relative abundance: 3

Ahmuellerella octoradiata constitutes several percent of the assemblage

in the lower part of the section (below 469.06 mbsf; -69.4 Ma; Figure 35a), its 3
I
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Taxon Richness

number of taxa per sample
20 30 40 50I 66.0
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Figure 33: Species Richness (number of taxa per sample) plotted against age.
The decrease between about 71 Ma and 67 Ma and the subsequent increase
cannot be explained as dissolution artifacts.
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M. staurophora%
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Figure 34: Relative abundance changes (%) of Micula staurophora during the I
late Maestrichtian in Hole 217. I
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abundance decreases to <1% between 455.19 and 450.49 mbsf (-68.56-68.27 Ma).

It was absent from most counts above 450 mbsf (-68.27 Ma).

Biscutum constans (Figure 35b) is common to abundant (5-10%) below

455.19 mbsf (-68.56 Ma). In the interval of high sample density between 455.19
_ II

and 450.49 mbsf (-68.56-68.27 Ma) B. constans initially decreases in abundance

from -5% to <2% (between 455.19-453.30 mbsf), but then increases again to -5%

at 451.08 mbsf. It decreases again and is very rare (<1%) above 444.8 mbsf

(-67.9 Ma).

iBiscutum sp. 1 (Figure 35c) decreases in abundance from almost 3% to

<1% throughout the lower half of the section (492.32 to 455.19 mbsf; -70.9-68.56

Ma); similar to B_. constans it increases in abundance between 453.9 and 450.49 u
mbsf (-68.48-68.27 Ma). Above 450.49 mbsf (68.27 Ma) it is present in very low

abundance (<<1%). In contrast to B. constans, however, Biscutum sp. 1

increases in abundance again immediately below the K/P boundary to values

>1% (between 423.2 and 421.2 mbsf; -66.54-66.41 Ma).

Biscutum notaculum is always very rare (exceeding 0.5% only in one 3
sample; Figure 35d). Below 451.30 mbsf (-68.3 Ma) it was recorded in almost

each sample whereas above this level this species is so rare that it was 3
recorded only in very few samples.

Discorhabdus ignot.u decreases in abundance throughout the section

(Figure 35e): it constitutes almost 10% of the assemblage below 480.14 mbsf

(-70.14 Ma), but only around 1% above 432.4 mbsf (-67.1 Ma).

Lithraphidites carniolensis is comparatively rare (in most samples 1%

and less) throughout the section (Figure 35f). Below 450.49 mbsf (-68.27 Ma) its

abundance fluctuates considerably: peak abundances of >1% were recorded in 3
several samples and >3% in one sample at 454.59 mbsf. Above 450.49 mbsf

(-68.27 Ma) this species is always very rare (<1%). 3
Several species of Rhag.discs..s were recorded. Although rare

(individual species almost always <1%, Figures 35, g-k), all species displayed

similar abundance patterns: they are more abundant and were more

consistently recorded below 441.8 mbsf (-67.72 Ma); above 441.8 mbsf alh

species are very rare. This trend is especially obvious when the sum of all

species of Rhago..i.,u. is considered (Figure 351).

In the lowermost part of the section (between 492.32 and 480.14 mbsf; 3
-70.9-70.14 Ma) Ceratolithoides sp. cf. -Q. aculeus is rare (>2%): between 480.14

and 471.82 mbsf (-70.14-69.61) it increases abruptly in abundance from <2% to 3
U
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I -5% (Figure 36a), remains between 3% and 5% up to 432.22 mbsf (-67.1 Ma),

decreases precipitously in abundance between 432.22 and 426.9 mbsf (-67.1-

66.77 Ma) and is absent or very rare (<<1%) above 426.9 .-bsf. Considerable

inter-sample variability was recorded in the interval of very closely spaced

samples between 455.19 and 450.49 mbsf (-68.56-68.27 Ma).

b) Taxa increasing in relative abundance

Below -460 mbsf (-68.9 Ma) C. gallicus is recorded only in one sample

(Figure 36f). In the closely sampled interval (455.19 - 450.49 mbsf; 68.56 to

68.27 Ma) this species iw'reases in abundance from -0.5% to -1% and maintains

this abundance throughout the remainder of the section. An exceptionally

high abundance of almost 3% is recorded at 422.6 mbsf (-66.5 Ma). This is >1%

higher than the abundances in either of its adjacent samples which are3 comparatively high (>-1.5%; Figure 36f). I suspected that the outlier value of
3% resulted from enrichment through dissolution. Cylindralithus gallicus is

not included in the dissolution ranking of Thierstein (1980), but a structurally

very similar form, Cylindralithus serratus is ranked as very slightly solution

resistant. CyindralitJs gta.lliJ.a consists of more massive elements than C.

serratus and I assume that it is more solution resistant. In the same sample

where C_. gallicus is unusually abundant, higher abundance values of the two

j most dissolution resistant taxa in this assemblage, MM. staurophora (29%, vs. 14%

and 16%) and W. barnesae (27%, vs. 22% and 20%o) were also recorded than in3 the adjacent samples. Thus it appears that the relative abundance of C. gallicus

at 422.6 mbsf is increased by dissolution.

The relative abundance of G. fessus is -2% below 444.8 mbsf (-67.9 Ma;

Figure 36g). Above this level abundance values increases and throughout the

uppermost 5.7 m of the section (-66.77 - 66.41 Ma) they vary around 4%.

fluctuating strongly. Relative abundance values exceeding 6% were recorded
in two samples in the uppermost Maestrichtian, at 422.0 mbsf and at 425.493 mbsf. These elevated values are isolated within the abundance pattern of CL.

fessus and do not correspond to unusually high or low values in dissolution3 resistant taxa. Thus it appears that they cannot be explained as presrvational

artifacts; their paleoceanographic significance is not understood at the

moment.

Lithraphidites p •raequadrtus is very rare (<<1%) below 463.65 mbsf (69.1
Ma; Figure 36h). Between 469.06 and 463.65 mbsf (-69.44 - 6 ).1 Ma) its

I
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I abundance increases sharply from 0 to -1.5%, remains between -1 and 2% up to

432.4 mbsf (-67.12 Ma), and then increases again to average values around 3%

(and fairly high inter-sample variability) throughout the remainder of the

Maestrichtian.

jjl hiditejslj a nu~adrat was not recorded below to 452.5 mbsf (-68.39

Ma; Figure 36i). Between 452.5 and 426.9 mbsf (-68.39 - 66.73 Ma) its abundance

increases steadily to values around 1%, subsequently decreases to around 0.5%

between 426.9 and 424.9 mbsf (-66.73-66.65 Ma), and increases slightly below

the K/P boundary (between 424.9 and 421.2 mbsf; -66.65 - 66.41 Ma).

Below about 455.19 mbsf (-68.56 Ma) P. stoveri is fairly rare (<2%) except

in the lowermost two samples where it reaches abundances >3% (Figure 37a).

Above 455.19 mbsf this species increases steadily in abundance and at 444.8

mbsf (-67.9 Ma) its abundance is 4%. Throughout the remainder of the

Maestrichtian P. stoveri remains at about 3-4%.

Tranolithus .m is rare in most samples (<0.5%, Figure 37b), but

increased abundance values (1.5-2%) are recorded immediately below the K/P

boundary (422.6 - 421.2 mbsf; -66.5 - 66.41 Ma).

The relative abundance of Vagalapilla spp. is low (<0.5%) throughout

most of the section; higher values (>1%) are recorded in two samples in the

lowest part of the section (489.51 and 483.03 mbsf; -70.73 - 70.32 Ma) as well as

in several samples immediately below the K/P boundary (422.0, 421.6, 421.2

mbsf; -66.46, 66.44, 66.41 Ma; Figure 37c).

Cribrosphaerella? daniae, ..art.ne.Lagg spp., and N. freguens are absent

or very rare in most samples, but increased in abundance in a few samples

immediately below the K/P boundary (422.2 - 421.2 mbsf; -66.48 - 66.41 Ma;

Figures 36, b-d). Cribrosphaerella? d•ania and G tag. . spp. increase from

virtually 0% to -0.5%; Nelphrolithus ia n is recorded in most samples in

low abundances (<0.5%) and increases to -2% below the K/P boundary.

I
I
I
I
I
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U c) Other Fluctuations

Arkhangelskiella spp. and Broinsonia spp. have been grouped together

because preservational differences between samples made it impossible to

distinguish these taxa consistently. Below 455.19 mbsf (68.56 Ma) relative

abundance values range from <2% to >6%, with steadily increasing values

between 480.14 and 455.19 mbsf (-70.14 - 68.56 Ma; Figure 37d). The relative

abundance fluctuates considerably (<3% to >10%) between 455.19 and 453.90

mbsf (-68.56 - 68.48 Ma), decreases to -2% at 452.3 mbsf (68.38 Ma) and then

increases slowly to -4% at 450.49 mbsf. This gradual increase is interrupted by

two very high abundance values (-8%) at 451.08 and 450.90 mbsf (-68.3 and

68.29 Ma). Between 450.49 and 432.22 mbsf abundance values vary between -4

and 6%. One of the highest values (>10%) is recorded at 426.9 mbsf (-66.77 Ma).

Between 426.7 and 424.9 mbsf (-66.76 - 66.65 Ma) relative abundances vary

between -5 and 2%; between 424.9 and 422.2 mbsf (66.65 - 66.48 Ma) they are

slightly lower (-2%) and display low variability. Increased abundance (6-8%)

is recorded in five samples immediately below the K/P boundary (422.0 - 421.2

mbsf; -66.46 - 66.41 Ma).

Despite considerable variability between samples (e.g. between 455 and

452 mbsf) trends are only discernible in the intervals of high sample density.

High sample density throughout the Maestrichtian would be required to

determine trends in these two taxa.

Cribrosphaerella ehrenbergii is common to abundant in all samples

(->5%) below 425.49 mbsf (-66.68 Ma; Figure 37e). Between 425.49 and 424.1

mbsf its relative abundance increases to -10%; above this interval the

abundance decreases again to 5-7%.

Several species of Cretarhabdua were combined because different

preservation made it impossible to distinguish them consistently (C. conis, C..

Irenulatus, C. surirellus, Cretarhabdus spp. indet.). The abundance variations

of Cretarhabdus angustoforaus (Figure 370 and C. schizobrachiatus (Figure

37g) were plotted separately since the characteristic optical extinction pattern

which results from the attachment of the central structure to the margin

allows the unambiguous identification of these two species even when most of

the central area is missing. The graph of the combined Cretarhabdus spp.

(Figure 37h) shows an abundance increase throughout the section, from about

5% at 492.32 mbsf (-71Ma) to -10% at 426.9 mbsf (-66.77 Ma). In the remainder

of the section (426.9 - 421.2 mbsf; 66.77 - 66.41 Ma) the relative abundance of

I
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this taxon decreases from -10-13% to -8%. An isolated abundance peak of

almost 17% was recorded at 426.7 mbsf (-66.76 Ma). The relative abundance of

Cefl iummuLsfflorlJjf.. never exceeds 3% and usually remains below 1%.

It decreases from -1% to values around 0.5% between 426.9 and 421.2 mbsf

(66.77 -66.41 Ma). Cretarhabdus schizobrachiatus was very rare in all samples

(hardly ever exceeding 0.5%; Figure 37g). It was absent from the lowest

samples. Throughout its record no abundance changes were recorded.

The abundance values of E. turriseiffeli fluctuate between -2 and 6%

(Figure 37i). Below 455.19 mbsf (68.56 Ma) the sample density is insufficient to

assess whether the recorded abundance fluctuations represent a genuine

pattern. In the closely sampled interval between 455.19 and 450.49 mbsf (68.56

and 68.27 Ma) the abundance of this species lies mostly between -2 and 4%. In

four samples in the middle of this interval, however, elevated abundances of E.

turriseiffeli (>5%) were recorded (452.89 - 452.3 mbsf; -68.42 - 68.38 Ma; -6%

and more). No clear trend is discernible from the abundance fluctuations

between 450.49 and 426.9 mbsf (68.27 and 66.77 Ma). In the uppermost 5.7

meters of the section increased abundance values were recorded in three

intervals: 426.7-425.7 mbsf, 423.6-422.8, and immediately below the K/P 3
boundary (421.6 - 421.2 mbsf; 66.76-66.70 Ma, 66.56-66.51 Ma, and -66.44 - 66.41

Ma). In the intervening samples abundance values -2% were recorded.

KamptneriusjIa.ragnfi was very rare in all samples (usually <0.5%)

except for higher abundance values (around 1%) in two samples at 455.19 and

454.99 mbsf (-68.56 - 68.55 Ma; Figure 36e).

Microrhabdulus decoratus constitutes about 5% of the assemblage in

most samples (Figure 37j). In the lower part of the section high abundance

values (>10%) were recorded at 483.03 and 480.14 mbsf (-70.32 and 70.14 Ma).

These high values may be indicative of a genuine increase of M. decoratus.

Two other samples with comparatively high abundance values were recorded:

at 454.59 mbsf this species exceed 15%, and at 424.1 mbsf (-66.60 Ma) it reaches

almost 10%. These latter values are isolated outliers with background levels

-5%; the reason for their elevated abundance is not well understood; it may be

related to preservation (see discussion below). I
Micula murus and Miculk sp. cf. M. prinsii were not recorded below

432.4 mbsf (67.12 Ma; Figure 36j); above this level they constitute between -2-

8% of the assemblage. Subtle abundance variations were recorded in the

uppermost 5.7 m of the Maestrichtian where closely spaced samples were

I
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examined (Figure 36k): relatively high abundance values (-5-6%) were

recorded between 426.90 and 425.90 mbsf, followed by lower abundances (-3%)

between 425.70 and 424.70 mbsf. Subsequently abundances rise again to -6-8%

between 424.50 and 423.40 mbsf. From there they decrease to -2% at the K/P

boundary.

Parhabdolithus regularis is common in most samples, constituting

between about 5-10% of the assemblages (Figure 37k). Below 463.65 mbsf (-69.1

Ma) its abundance lies around 5%, fluctuating only slightly. At 463.65 and at

460.82 mbsf (-69.1 - 68.92 Ma) it increases in abundance to -10% in two samples,

but returns to -5% at 455.19 mbsf (-68.56 Ma). Between 455.19 and 426.1 mbsf

(-68.56 - 66.72 Ma) its abundance increases steadily from -5% to a maximum

values of >13%. Above this peak abundance values decrease again to <5% at the

K/P boundary. A very similar pattern was recorded for P. cretacea (see below).

EPlacozygus fibuliformis constitutes around 3% of the assemblage

(Figure 371). However, increased values (>10%) were recorded at some levels in

the uppermost Maestrichtian (425.49 and 425.30 mbsf; - 66.68 - 66.67 Ma). Above

these maximum values its relative abundance decreases again to values around
S3%.

Prediscolsphaera cretacea is one of the most abundant taxa, constituting

on average -15% of the assemblage (Figure 38a). An abundance increase from

<10% to -20% was recorded between 455.19 and 426.9 mbsf (-68.56 - 66.77 Ma),

fcllowed by a decrease to -12% between 426.9 mbsf and the K/P boundary.

Relative abundance values of P. spiinosa never exceed 5%, and lie around

2% in most samples (Figure 38b). Between 455.19 and 450.49 mbsf (-68.56 - 68.27

Ma) an abundance increase from -1% to -2% was recorded.

Watznaueria barnesae is one of the most abundant taxa with relative

abundance values between -10-30% throughout most of the Maestrichtian

(Figure 38c). In the lowest samples (492.32 - 480.14 mbsf; -70.91 - 70.14 Ma) the
relative abundance was conspicuously lower (-10%) than above where the

abundance fluctuates around 20%. Very high percentages of this species (>25

to almost 30%) were recorded in several samples (at 454.30, 453.99, 453.90,3 452.30, 424.10, and 423.80 mbsf). As ML. barnesae is a very dissolution resistant

taxon (Roth and Bowdler, 1981; Thierstein, 1980), these high values could be

due to increased dissolution rather than reflect a primary signal (see

discussion below).

I
I



114I

Ic lI

U, r- U, 0 U, U, U,

'9 '9~ ~ e a

'0u'
lo lo 0

QUw *I



I
115I

Biscutunm magnum, a species very common in the lower Maestrichtian

in high latitudes was observed in three samples in very low abundance

(492.32, 489.51, and 451.49 mbsf; -70.92, -70.73, and -68.33 Ma; Figure 38d).I
B) Assessment of Preservation3 Several dissolution resistant taxa were compared, and only a trend that

is apparent in all these taxa should be considered indicative of dissolution.

Micula staurophora, W. barnesae, Arkhangelskiella spp. and Broinsonia spp.

were selected as representatives of the dissolution resistant taxa (following

Thierstein, 1980). Combined in the group of dissolution susceptible taxa were

I .�h.r, I3.bLegLL, E_. turriseiffeli. P_. regularis, ,Pacozg.s.i sp., P. bussonii, P.

&i~glm..Ld.g., P... spinqsa, and Vagalalpilla. spp. (following Thierstein, 1980).I
No evidence indicative of increased dissolution was observed in the3 intervals of increased sample spacing (Figure 39). Especially the decrease in

species richness between about 68.5 and 66.8 Ma cannot be explained as a

consequence of increasing dissolution (compare e.g. the record of the

dissolution susceptible taxa, which increase during the same interval: Figure

39g). Unusually high or low values of selected taxa (or groups of taxa)

occurred in single samples, but lack of corresponding excursions in other taxa

indicated that preservation could not be the explanation in these cases.3 Graphs of the interval between -66.80-66.40 Ma are presented in Figure

40. The species richness increased from values around 30 taxa per sample

during the earlier part of this interval to values around 40 during the last 150

ky of the Maestrichtian (Figure 40a). Similarly, increased abundances during

the later part of this interval were observed in the distribution of the absolute

as well as the relative abundances of M. staurophora (Figure 40c, d), and also

in the relative abundances of W.. barnesae (Figure 40e). In contrast, this3 pattern was not present in the plot of Arkhangelskiella spp. and Broinsonia

spp.: these two genera remained at comparatively low abundances throughout3most of the latest Maestrichtian and increased in abundance only at about

66.47 Ma (Figure 40f). Virtually no changes between the earlier and the later

part of this interval exist in the absolute abundance of calcareous nannofossils

(Figure 40b) as well as in the dissolution susceptible taxa (Figure 40g). Because
of the discrepancies between the abundance patterns of different dissolution

I
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sensitive taxa, dissolution cannot be invoked as an explanation of the observed

variations. Therefore the trends during the latest Maestrichtian are

considered to be a genuine record of abundance fluctuations in the

nannofossil assemblages.

However, in two instances in the uppermost Maestrichtian interval,

exceptionally low abundances of dissolution susceptible taxa (Figure 40g)

correspond to minimum values of absolute abundances of calcareous I
nannofossils (Figure 40b) and to peak values of dissolution resistant taxa

(Figures 40d, e). The nannofossil distribution in these samples (marked with

black circles in Figure 40) was apparently modified by above average

dissolution. If this interpretation is correct, it would imply that 1)

Arkhangelskiella and Broinsonia are not as dissolution resistant as previously

assumed by Thierstein, 1980; and 2) it would indicate that dissolution was not

sufficiently severe to eliminate certain taxa, since the species richness in I
these two samples appears not significantly different from the next higher

and lower samples. 3
The other interval that was investigated at high resolution in Hole 217

was between about 68.6 and 68.2 Ma. Long term trends were only discernible in

the absolute abundances of Mh. staurophora, which increase steadily during

this interval, and an almost stepwise increase of the dissolution susceptible

taxa from lower values between 10-15% prior to about 68.47 Ma to increased

values (around 20%) thereafter. Due to lack of correlation with the other

dissolution indicators neither of these trends is interpreted as a manifestation

of changing preservation. Instead three samples were identified in this

interval where the coincidence of unusually high or low values in several of

the dissolution indicators suggests that increased dissolution has modified the

nannofossil assemblages. These samples are marked with black circles. In 3
none of these samples do all the dissolution indicators agree and it appears that

in two of these samples the number of species was reduced.

Except for a few isolated samples where increased dissolution had

altered the nannofossil assemblages, the abundance distributions of the

calcareous nannofossil taxa seem to reflect genuine abundance changes

IL
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4) DSDP Hole 528

In DSDP Hole 528 a section 15.33 m thick, representing the last 800 ky

(from about 67.2 to 66.4 Ma) of the Cretaceous was examined (Sections 528-32-1

to 528-33-4; 407.0 - 422.5 mbsf). The sediment is conspicuously coloured red and
white, the thickness of each color band varies between about 20 and 50 cm

(Shipboard Scientific Party, 1984: p. 390; see also Figure 42a). I
Two unrelated questions were addressed in this study: 1) Are there

differences in the calcareous nannofossil assemblages between different

colored sediment layers? 2) Which abundance trends are discernible in

calcareous nannofossil taxa during the last 800 ky of the Maestrichtian at this

site?

la) Differences Between Red and White Sediment I
In the light sediment the carbonate content typically is >70% (and up to

90%) whereas in the dark red layers it is typically less than 60% (and may be

as low as <50%; data from Shackleton et al., 1984, and from D'Hondt,

unpublished data; Figure 42c). Herbert and D'Hondt (1991) suggested that the

alternation of the sediment colors was an expression of precessional cyclicity
in the latest Cretaceous. One of the goals of this study was to examine whether

differences in nannofossil assemblages exist between the different colored I
sediment and whether they could be explained as consequences of the

precessional cyclicity. Since carbonate dissolution on the seafloor can change I
nannofossil assemblages cohsiderably due to the preferrential removal of

fragile, dissolution susceptible forms and enrichment of more robust,

dissolution resistant forms it has to be established first whether dissolution of

calcareous nannofossils occurred and may have overprinted original

abundance variations. Several samples were taken from each color-band

throughout Section 528-32-1 corresponding to sample spacing of about 5 cm

(or about 3 ky).

Dissolution experiments performed on Cretaceous calcareous

nannofossils by Thierstein (1980) allowed him to rank the taxa according to •

their dissolution resistance. Micula staurophora is by far the most dissolution

resistant species in this list. It is also the most abundant taxon encountered in

Hole 528 and its relative abundance was recorded with respect to all other taxa.

The results from Section 528-32-1 arc plotted in Figure 42e. Two intervals of
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maximum enrichment (>50% of all nannofossils counted) of M. stauroph.ra are

discernible: the first one peaks at about 408.15 mbsf, almost exactly coinciding 5
with a dark red layer (Figure 42a). The other interval is really a double peak,

one peak at 407.65 mbsf almost coinciding with the second dark red sediment

layer in this section, the other one occurred at 407.45 mbsf in fairly light

colored sediment. This later peak could be interpreted as an outlier among

generally decreasing values of M4. staurophora (possibly a consequence of the 1

strong bioturbation of the sediment). A comparatively minor increase of the

relative abundances of hi. staurophora (from about 20% to >30%) coincides

with the uppermost red layer at about 407.25 mbsf. Due to the imperfect

correlation of the abundance peaks of 1M. staurophora with the red sediment

layers abundance variations of other solution resistant and susceptible taxa

were examined.

The inclusion of taxa in the dissolution resistant group was based on I
results of Thierstein (1980), but slightly modified: All dissolution resistant taxa

of Thierstein (1980) were included as far as they were present in the material

investigated, except for the persistent and the incoming taxa because they

show a genuine (i.e. independent of preservation) abundance increase in the 5
earliest Paleocene (beginning in some forms in the latest Maestrichtian). In

addition, Ceratolithoides kami.tneri was included, since it is closely related and

morphologically similar to Tetralithus aculeus. The following taxa were I
included among the dissolution resistant forms:

Arkhangelskiella spp. and Broinsonia spp. I
Ceratolithoides kamptneri

Cylindralithus spp. (mostly C. galtu.a.)
Kapnru magnificus

Lucianorhabdus cayeuxii I

Micula spp. (except M.. stauroQphora)

Watznmuria b~arns
The relative abundances of these taxa were calculated exclusive of M.

stLI.ULr.p1h.hra, so that this abundant species did not influence (dampen) their

percantages and the sum of their abundances were plotted against depth I
(Figure 42d). The same peaks are discernible as in M4. staurophora, and again

the abundance peaks of the solution resistant taxa are not restricted to the red i

sediment layers. It is noteworthy in this context that the individual abundance

fluctuations of the taxa included in the dissolution resistant group (Figure 43)

I
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do not all show the same peaks as their combined graph (except Micula spp.,

Figure 430. This indicates that each taxon singly cannot be used as a

preservational indicator, but when they are all combined their individual

fluctuations (i.e species-specific variations) are cancelled out and their

common traits (i.e. dissolution resistance) become enhanced.

Particularly dissolution susceptible taxa were identified following

Thierstein's (1980) dissolution ranking. Again, persistent taxa (Biscutum spp.,

P spp.) were omitted from the dissolution susceptible group which

included:

Ahmuellerella octoradiata and Parhabdolithus regularis

Cribrosphaerella ehrenb3rgii
Discorhabdus igou

Eiffellithus turriseiffeli

Microrhabdulus decoratus
Nephrolithus frequens

Prediscosphaera creatcea I
P. spinosa

Vagalpilla spp. 5
The abundance variations of the dissolution susceptible taxa were

plotted in Figure 42f. Hardly any differences between the light and the red 3
sediment layers are noticeable, but two minimum values of the dissolution

susceptible group coincide with peak abundances of the dissolution resistant

taxa (at about 407.45 and 408.15 mbsf). Apparently dissolution susceptible taxa

are not very sensitive preservation indicators but only respond with

anomalously low abundances in very strongly dissolved samples. m

Abundance variations of the most solution resistant nannofossil taxa

indicate that dissolution did affect the nannofossil assemblages. This is

corroborated in at least two samples by an abundance decrease of solution

susceptible taxa. The poor correlation of the abundance peaks of the solution 3
resistant taxa with the sediment colors may either be due to problems of

bioturbation, or may indicate that increased dissolution did also occur during

the deposition of the white sediment layers and was not restricted to the red U
ones. In this case the increased clay content in the red sediment layers cannot

be interpreted as residual enrichment due to the dissolution of carbonate but

as a consequence of increased clay influx (due to increased wind strength?). r
I
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1b) Nannofossil Fluctuations During the Last 75 ky of the

Maestrichtian

The high sample resolution during the last 7.5 m of the Maestrichtian

(one sample every -5cm, corresponding to a temporal resolution of about 3 ky)

allowed the identification of very short term fluctuations in some taxa which3 seemed to be independant of preservational overprint. Relative abundance

fluctuations are discussed in the following chapter. Some taxa show peculiar

abundance variations throughout Section 528-32-1 (about 66.40 to 66.48 Ma).

PE.yc.zg.s fibuliformis decreased in abundance during the last 80 ky of the

Maestrichtian (Figure 44a). Superimposed on this general trend are shorter

fluctuations which do not coincide with the color bands (i.e. preservation).
The fact that most of the peaks and troughs are defined by multiple data points3 and the observation that these fluctuations occur independent of

preservational cycles suggest that these abundance variations are genuine.3 These fluctuations are particularly well developed between about 66.47 and

66.42 Ma and appear to be cyclical with a period of about 11-14 ky. This is about

half of the precessional wavelength and thus may be a response to orbital

forcing (D'Hondt, oral communication). This is particularly interesting since
this species showed pronounced abundance variations during the latest

Maestrichtian in ODP Hole 690C apparently as a response to changing water

temperatures ( 8 180) or changing nutrient levels (81 3C).3 Prediscosphaera stoveri constituted about 5-10% of the nannofossil

assemblage during the last 75 ky of the Maestrichtian (Figure 44b). Like P.

Sfibuliformis this species shows short term, cyclical abundance fluctuations

with period of -10 ky. The values fluctuate over -5%, which is much more than

in R. fibuliformij, but they are less regularly spaced. Also the abundance

fluctuations of D.. ig•noth (Figure 44c) resemble those of P. fibuliformis

between about 66.46 and 66.40 Ma and may contain a cyclical signal of slightly
less than l0ky. Since PD. jgnotus was quite rare throughout this interval

(mostly <1.5%) it is difficult to assess the reliability of these abundance

I variations.

3 Increases in relative abundances during the last -75 ky of the
Maestrichtian were observed in Arkhangelskiella spp. and Broinsonia spp., C.uIh . .n.rg ii, inralhus spp., E. parallelus, and M. murus and M1. prinsii

I
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(Figure 44d-h). Superimposed on the general abundance increase of

Eiffellithus parallelus (Figure 44g) are short term variations that varied

opposite to the abundance fluctuations of M. staurophora and of the dissolution

resistant taxa which indicates that this species should be considered a3 dissolution susceptible taxon. The fact that it was not included in the
dissolution susceptible group discussed above did not change the results since3 thiz species was very rare (<1%) in Section 528-32-1. Thus the abundance

increases cannot be explained as preservational artifacts since dissolution

susceptible (C,. ehrenbergii, E. parallelus) as well as dissolution resistant

(Arkhangelskiella and Broinsonia, Cylindralithus, M_. murus and M. prinsii)

taxa show similar patterns. Furthermore, not all dissolution resistant taxa

increase in abundance during this time interval.

Eiffellithus turriseiffeli., K. magnIificus and N. freguens (Figure 44i-j,3 45a) displayed rather constant relative abundances during most of the last 100

ky of the Maestrichtian but all three species had increased abundance values3 immediately preceding the K/P boundary. Nephrolithus frequens has another

peak of similar magnitude about 20 ky earlier. This common trend cannot be

explained as dissolution artifact since E. turriseiffeli and N. frecuens are more

dissolution prone, whereas K. magnificus is rather dissolution resistant (based

i on Thierstein, 1980).

Generally decreasing relative abundances throughout the last -75 ky of
the Maestrichtian were observed in A. octoradiata and P. regularis,

Lithastrinus spp., and P. fibuliformis (Figure 44a, 45b-c). Ahmuellerella3 octoradiata and P.. reglaris show generally lower values in samples where the

solution resistant taxa were enriched, indicating that these forms are

susceptible to dissolution. This observation supports Thierstein's (1980)

ranking. Lijjastriia spp. is comparatively rare (<2%); its highest values were

recorded in the same sample where M. stauro~phora had one of its abundance

peaks (at about 66.46 Ma) which is interpreted here that Lithastrinus. spp. are

somewhat resistant to dissolution.

C retarabdus spp., Cyclagelosphaera spp., CL. fessus, and T. decorus all3 display increased abundances between about 66.45 and 6.43 Ma (Figure 45d-g).

This time interval corresponds roughly to the interval of decreased3 abundances of the dissolution resistant taxa (particularly with low abundances

I ,
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I of M_. staurophora). This would indicate that these four taxa became relatively

more abundant in comparatively well preserved sediment and that they should

be considered as dissolution susceptible.

Rbag.dis... spp. and Stephanolithion spp. are very rare during the last3 100 ky of the Maestrichtian (<1%, Figure 46h-i) but both taxa seem to be rather

dissolution susceptible as they displayed especially low abundances (or were3 absent) in the samples from the red sediment layers.

Some of the most abundant taxa in Hole 528 did not show any
conspicuous abundance trends during the last -75 ky of the Maestrichtian.

They include Lithraphidites spp., M... decoratus, P. Pretacea. E. spinosa, and WM.

barnesae (Figure 46j-1, 47a-b). Microrhabdulus decoratus remained virtually

constant with the exception of slightly lower values in the red sediment3 layers, which agrees with the dissolution ranking of this taxon as

comparatively dissolution susceptible by Thierstein (1980). Prediscosphaera

Scretacea, P. spinosah and WM. barnesae displayed comparatively strong

variability between adjacent samples which cannot be explained by different

preservation. Except Lithraphidites spp. and WM. barnesae all taxa mentioned

above were included in the dissolution susceptible group discussed above.
Their comparatively low variability between red and white layers is

apparently the reason for the fact that the dissolution susceptible group do not
vary significantly between the red and the white layers. This is in contrast to3 the dissolution resistant group where the combination of several taxa

enhances the weak preservational signals contained in each individual taxon.

2) Nannofossil Variations Between 67.2 and 66.2 Ma

Below Section 528-32-1 samples were taken from the white intervals

only since dissolution was less severe and nannofossil preservation
accordingly better than in the red layers. The results described below are
primarily fluctuations of relative abundances; absolute abundances were

included for selected taxa when they showed abundance changes more3 conspicuously. Four samples were examined from the Core Catcher and from

Section 7 of Core 528-31 because it was unclear whether the exact location of3 the K/P boundary was in 528-31-CC or whether it was between Cores 528-31 and

528-32. Ultimately the K/P boundary was placed between Cores 528-31 and 528-

U
I
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32, resulting in a Paleocene age for four of the samples investigated (between

66.4 and 66.2 Ma).

The assemblage at this mid latitude site is more diverse than it was at

high latitude Site 690C. On average 40 taxa per sample were encountered. This

is more than in the latest Maestrichtian in Hole 690C where the number of taxa

encountered per sample was only about 20.

Several taxa displayed higher abundance between about 67.2 and 66.9

Ma. Biscuturm constans (Figure 47a) was very rare prior to -67.1 Ma, then it

increased very abruptly and reached peak abundances of >10% at 67.1 Ma;

subsequently the abundance of this species decreased again to very low values

(<1%) at about 66.9 Ma. During the remainder of the Maestrichtian B. constans

was rare but its abundance increased again in the early Danian (66.4 to 66.2

Ma). Very similar is the abundance distribution of Biscutum sp. I (Figure 47b).

The abundance distribution of C.. kamptneri resembles that of B.

constans (Figure 47c) as it constituted up to >6% of the assemblage between

-67.2 and 67.1 Ma, decreased to very low values (<1%) at about 66.9 Ma and

stayed very low for the remainder of the Maestrichtian. Eiffellithus parallelus

displayed the same abundance variations (Figure 48d): between about 67.2 and

66.9 Ma its abundance was highest (up to >4%); it had decreased to values <1%

by 66.9 Ma and remained at these low abundances for the remainder of the

Maestrichtian. Kamptnerius magnificus was always rare (<1.5 %, Figure 47e)

but its abundances were slightly higher prior to 66.9 Ma than thereafter. The

abundance pattern of L. carniolensis was similar to that of K. magnificus with

higher abundance prior to -66.9 Ma (Figure 47f). Staurolithites laffittei was a

comparatively rare component (always <2%, Figure 47g), but it was recorded in

almost all samples prior to 66.9 Ma. After that its abundance became so rare

that it was encountered only sporadically in the counts. Stephanolithion spp.

decreased in abundance from >2% prior to about 67 Ma to values between 1-2%

thereafter. Teichorhabdus ethmos was extremely rare in all samples

investigated (<1%); it was recorded in most samples prior to about 66.65 Ma, but

not in any younger sample. Also Mh. pemnmatoidea is very rare (<0.6%, Figure

47j), but more frequent in the lower part of the section than in the upper part.

The relative and the absolute frequencies of species of RhPag..discus (Figure

47k, I) reveled that these species displayed an abundance peak around 67.1 !1
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I Ma, whereafter they were encountered rarely (usually <1%) up to the K/P

boundary.

The taxa illustrated in Figure 48 are those whose abundance decreased

steadily during the last 800ky of the Maestrichtian. The trend was very

conspicuous in D. ignotus (Figure 48a). In L. Guadratus the plot of absolute

frequency (Figure 48c) showed the decrease more clearly than the relative3frequencies (Figure 48b); the same was true for N. frequens (Figure 48d, e)

which was quite rare in most samples (<1%) in Hole 528.

All taxa whose abundance patterns were illustrated on Figure 49 had

lower abundances in the earlier part of the section than in the later part.

Whereas this trend is not very pronounced in A. octoradiata and P. regularis, it

is fairly obvious in the other taxa. Cretarhabdus spp. displayed maximum

values at about 66.9 Ma and declined in abundance until the K/P boundary. In3 G. fessus increased values were observed between -67 and 66.6 Ma (in relative

and in absolute abundances, Figure 49c, d), a decline occurred during the last3 200 ky of the Maestrichtian. The patterns was slightly different in a.

d.co . .=, which reached peak values only later, at -66.6 to 66.5 Ma; also in this

species a decline occurred during the last 100 ky of the Maestrichtian. Micula

murus and Mj. prinsii were combined due to the difficulty of consistent

differentiation. Although present throughout the entire interval investigated

both forms were too rare to be registered between about 67.2 and 67.05 Ma

(Figure 49g). Between -67.05 and 66.9 Ma these species increased to about 2-3%

3 and maintain this abundance until about 66.5 Ma. Values increased to -5%

during the last 100 ky of the Maestrichtian. Tranolithus macleodae was3 virtually absent from the assemblages prior to about 67 Ma; thereafter it was

recorded in almost all samples in strongly fluctuating abundances (between

0.1 and 3%, Figure 49h). Cylindralithus spp. (Figure 49i) also displayed lower

abundances between about 67.2 and 66.9 Ma than thereafter.

The taxa on Figure 50 displayed isolated abundance peaks.

Arkhangelskiella and BwjiQsaia displayed two abundance peaks, at -67 Ma

and at 66.7 Ma (Figure 50a, b). The relative abundances of C. ehrenbergii do not

Sfluctuate very much (Figure 50c) but in the absolute abundances the

variability is more pronounced (Figure 50d): abundance peaks are apparent at3 67.1 Ma, around 66.8 Ma, and at about 66.6 Ma. Also JE. trabeculatus showed

increased abundances at -67 Ma and at 66.6 Ma. Clearly enhanced relative

abundances are present in Lithastrinus spp. at 67 Ma (Figure 50f). Watznaueria

I
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I barnesae was one of the most abundant species in Hole 528: abundance peaks

are conspicuous at -67 Ma and between -66.6 and 66.5 Ma (Figure 50g, h).

Zygodiscujs. sp. I showed a conspicuous abundance peak at 66.6 Ma (Figure 50i).

In the relative abundance plot of P. fibuliformis (Figure 51a) several3 abundance peaks were registered: 67.2, 66.9, 66.75, 66.6 and 66.5 Ma. Since a

tentative cyclicity of about 11-14 ky was identified in this species in the high3 resolution study, these abundance peaks were possibly a consequence of

aliasing (especially as their amplitude is comparable to the amplitude of the

11-14 ky cycles). In the absolute abundance plot (Figure 51b) only three (and

possibly four) abundance peaks remained: at 67.2 Ma, at 66.75 Ma, and at 66.6
Ma (and possibly a minor peak around 66.5 Ma). The fact that the amplitude of

the peaks at 67.2 and at 66.6 Ma is considerably higher than the amplitude of

the high frequency cycles makes aliasing as the cause of these peaks unlikely3 (but not impossible). I conclude therefore that the abundance peaks at 67.2, at
66.75 and at 66.6 Ma are genuine features. Prediscosphaera stoveri was one of3 the most abundant species-in Hole 528. Its abundances decreased abruptly at

-66.7 Ma to about half their previous values (Figure 51c, d). Tetrapodorhabdus

ddecorus showed a fairly pronounced abundance peak at 66.6 Ma. Eiffellithus

turriseiffeli and L. prae!Quadratus (Figure 52h-k) displayed considerable
variability in their abundance records, but on average they hardly changed3 during the last 800 ky of the Maestrichtian.

The persistent and the incoming taxa are plotted in Figure 52a-h. The3 fact that Thoracosphaera was virtually absent during the Maestrichtian, but

very abundant during the Paleocene (Figure 52g) indicates that bioturbation -

although very conspicuous and ubiquitous in the sediment - did not cause

extensive reworking of calcareous nannofossils downsection.

Prediscosphaera cretacea did not show any conspicuous abundance

excursions in the interval studied (Figure 53a, b). A steady decline was
registered in the absolute abundance plot of this species during the last 100 ky3 of the Maestrichtian (Figure 53b). The abundance distribution of P. spinosa
was similar to that of P. cretacea, but the abundance decline in this species3 started already 200 ky prior to il K/P boundary (Figure 53c, d). The

percentage of unidentifiable cal .-.cous nannofossils remained fairly constant

throughout the section (Figtrc f'e). The comparatively constant relative

abundances of hi. ,tarcph.j._j between 67.2 and 66.5 Ma indicated that the
preservation of calcareous nannofossils varied within fairly narrow limits.

I
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I 5) Millers Ferry Section (Borehole 226), Alabama

The counts were performed on smear slides during an early stage of this

study. The preservation between samples in this hole varies strongly with the

lithology: in some of the clay rich samples it was excellent, while it was poor

when the sand content was high.

U Cribrosphaerella hrenbeLg•ii (Figure 54a) increased in abundance

throughout the section (from -5% to -20%). A high intraspecific variability

was recorded in this species: elliptical, parallel sided, triangular, and round
morphotypes were observed. The intraspecific variability did not change

I appreciably throughout the section.
Prediscosphaera stoveri (Figure 54b) decreased during the last -250 ky

of the Maestrichtian from -15-20% to -5%. An abundance peak of similar

magnitude of this species was also recorded by Jiang and Gartner (1986) in the

Brazos River Section.
The abundance of Prediscosphaera spinosa (Figure 54c) was very low

prior to -66.57 (<1%), it increased to almost 2% between -66.57 and 66.52, and

became very rare thereafter. Only in two samples at -66.42 and -66.4 Ma were

higher values (-2%) recorded again.

The abundance pattern of C.. exiguunm (Figure 54d) was similar to that of

. spinosa. This species occurred more abundantly (->2%) between -66.57 and

66.50 Ma, and very rarely (<1%) before and after this abundance peak. A
similar abundance pattern was recorded for the species of Cretarhabdus

(Figure 54e): peak values occurred at -66.55 Ma (-3%), with a gradual increase

before and a gradual decrease afterwards.

Species of Thoracosphaera (Figure 54f) increased abruptly in

abundance at -66.5 Ma (from -<2% to -4%).

Wj.1jukia barnesae and M. staurophora (Figure 54g, h) were the most

abundant taxa (10-30%) at this site. A gradual increase in the abundance of W.

barnesae occurred between -66.65 Ma and -66.45 Ma. After 66.45 Ma the
abundance of this species dropped abruptly from >20% to <10%. Micula

staurop.hora did not display any gradual abundance changes during the last

-250 ky of the Maestrichtian but remained fairly constantly at -10-15%.

Isolated abundance peaks were recorded in isolated samples and are

interpreted as a preservational artifact (see below).

I
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The abundance of species of Biscutumn (Figure 54i) remained around 1%

in most samples. Only in three samples did this taxon exceed 2%.

Discorhabdus ignotus (Figure 54j) is common in the Millers Ferry

Section (-5% in most samples). In some samples the abundance of this species

is conspicuously lower than in the adjacent samples (almost 0%) and is

interpreted as a preservational artifact. An outstanding high abundance

(-15%) of D.. o was recorded in one sample at -66.402 Ma.

The abundance of P. fibuliformis (Figure 54k) fluctuated between -0.2

and 2% during the last -250 ky of the Maestrichtian. Elevated abundance

values (-2%) are concentrated between -66.5 and -66.45 Ma, but no conspicuous

abundance peaks were recorded.

The most abundant taxa and sample preservation

The isolated abundance peaks of M... jstauo.phoxa were recorded in

samples where visual inspection revealed that the preservation was poor.

Therefore these abundance peaks are considered to be preservational artifacts.

Similarly, the isolated abundance decreases of D. ignotus were recorded in the

same samples as the abundance peaks of a. staurowphora and are therefore

considered to be preservational artifacts as well. These patterns agree well

with the solution ranking of Thierstein (1981). On the other hand, it is

surprising that none of the other taxa described above show the same trends.

This indicates that M-. staurophora and D. ignotus are much more sensitive

dissolution indicators than the other taxa.I
I
I
I
I
I
I
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I CHAPTER 5
DISCUSSIONI

The abundance patterns described above can be grouped into (i)

evolutionary (i.e. extinctions, originations) and (ii) biogeographic changes

(migrations, increase and decrease of abundances). They are discussed below

in latitudinal order, proceeding from high southern latitudes to mid- and low

latitudes.

I 1) Maestrichtian Evolutionary and Biogeographic Events in

High LatitudesI
(A) Evolutionary Changes

U (a) Extinctions

iBiscutum boletum, B. coronum, B. dissimilis, B. magnum,

Misceomarginatus spp., Monomarginatus spp., N. watkinsii, N_ corystus, _.

m.agaai, P,. o~bs=urus. P.irhii, and Reinhardtitea spp., became extinct during3 the early and early late Maestrichtian (e.g. Pospichal and Wise, 1990; Watkins,

1992; Bralower and Siesser, 1992; this study). My data show that these twelve

taxa represent about a third of all taxa present (-35-40), but constitute only

-20-25% of the assemblages. From the chronology derived for Hole 690C the3 extinctions occurred within a short stratigraphic interval from -72.4 Ma to

-70.4 Ma (Figure 55). Many of these taxa were restricted to the southern

hemisphere. Only D o. c D. dissimilis, B.D. mIZag.Man, Monomarginatus

S .quarnarius, _Q. magnus and Re•nhardtites spp. are also known from northern

high latitudes (e.g. in Japan: Okada et al., 1987; in England and northern

Germany: Burnett, 1990; in England: Black, 1972; in Poland: Deflandre, 1959).

(b) Originations

In high latitudes Nephrolithiikus e n is the only taxon that

originated during the Maestrichtian (between -71.2 and 70.4 Ma in Hole 690C)

and was one of the most abundant taxa in high latitudes (20-40%; Figure 18a;

Table 6). During the late Maestrichtian this species occurred in progressively

lower latitudes (Pospichal and Wise, 1990a; see also Chapter 3. Biohorizons)I
I
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I
I

Late Maestrichtian Early MaestrichtianI

Age 69 Ma 70 71 72 73
I * I *

B. coronum I
• - + N. watkinsii

----- + O. magnus

bolem •+ B. dissimilis
"+ B. boletumn *

-- * B. magnum

0 Misceornarginatus spp. and
Monomarginatus spp. *

0 P. obscurus* I
*,, P. firthii *

-- " • Reinhardtites spp.

F-- ••~oI*N. oyu

last observationI

S samples investigated in Hole 690C

The symbols next to the taxon indicates its maximum abundance: I
•>20%

* >10% 20% I
0 >5% - 10%
o >2% - 5%
+ <2%

Figure 55: Sequence of extinctions around the early/late Maestrichtian
Soundary in high southern latitudes (ODP Hole 690C). All taxa marked with an
asterisk (*) are considered to by austral taxa (see text).
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I indicating either (i) that high latitude surface water conditions extended into

lower latitudes in the late Maestrichtian or (ii) that the ecological tolerance of

this species increased to include low latitude conditions (see below).

3 (B) Biogeographic changes

(a) Emigrations

In addition to the twelve species that became extinct, twelve more taxa

(Biscutum constans, DB. notaculum, Biscutum sp. 1, C. Cgarrisonii. L. amphipons,

D. igng_.a.=., &. rhombicum, S. fossilis, I. affittei, ML. barnesae, Z. nompaptus, and

Z. diplogrammus' disappeared from high latitudes (or became extremely rare)3 during the Maestrichtian (Figure 56) but persisted into or throughout the late

Maestrichtian at mid- and low latitudes (compare with range charts in e.g.

Pospichal and Wise, 1990; Resiwati, 1991; Bralower and Siesser, 1992: this

study). All of these taxa were fairly rare during the early Maestrichtian (<5%,

Table 6) except for B. constans and B. notaculum which reached peak

abundances of almost 10% and almost 40%, respectively (Table 6). Most of these

disappearances (and abundance decreases) occurred during the same time

interval (-72.4 to -70.4 Ma) as the extinctions mentioned above.

3 (b) Abundance Changes

Decreasing abundance: Ahmuellerella octoradiata, P. spinosa and P.

3 arkhngskkyi decreased in abundance during the early and early late

Maestrichtian (-74-69 Ma; Figure 57a, b). Prediscosphaera ad.iangegdk-yi. was

virtually absent after -68.5 Ma whereas A. octoradiata and P. piQinosa increased

in abundance again after -68 Ma (Figure 57a, b). Thoracosphaera spp.

decreased gradually throughout the entire Maestrichtian (Figure 57d). Also

Yagalall1a spp. decreased in abundance between the earliest and the latest

Maestrichtian but between -72-67 Ma its abundance remained virtually3 constant (Figure 57e). These taxa (except for Thoracosphaera spp.) were more

abundant in high latitudes than in mid- or low latitudes.3Increasing abundance: Cribrosphaerella? daniae and N. freq.uens

increased abruptly in abundance between -71.1-70 Ma (Figure 58a, b).

KaImznecius nmagnfics.., P. cretacca and P. stoveri also increased in

abundance, but more gradually (Figure 58 c, d. e). Glaukolithus fe.sSiiis

displayed a fairly sudden abundance increase around 69 Ma (Figure 59a)

I
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I

Late Maestrichtian Early Maestrichtian I

Age 69 Ma 70 71 72 73 I
I * I * InI I

-- + R. rhombicum

-- - - - - - - - - --- 0 S. laffittei I
+ Z- diplogrammus

0 Biscutum sp. 1

" - -------- + D. ignotus

""- --- -------------------- -- - , + W. bamesae
0 CNiastozygus spp. I

•- + S. fossilis

0 Z. compactusI

---- -B. nota••lum

S•i B. constans

last observation I
S samples investigated in Hole 690C

The symbols next to the taxon indicates its maximum abundance:

*2,0%
> >10% - 20%

* >5%- 10% n
o >2%- 5%
+ <2%

Figure 56: Sequence of regional disappearances of taxa around the early/late
Maestrichtian boundary in high southern latitudes (ODP Hole 690C). The
dashed lines indicate that some of these taxa were recorded very rarely in .tt
least one sample in the upper Maestrichtian. I
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whereas Arkhangelskiella spp. and BIfinia3 spp, C_. ehrLnbergii,

£•r.i.a..kab.d.us spp. and L. cayeuxii increased in abundance gradually 3
throughout the Maestrichtian (Figure 59b, c, d, e). These taxa dominated the

late Maestrichtian nannoplankton assemblages.

In southern high latitudes conspicuous changes of the nannoplankton

associations occurred close to the early/late Maestrichtian boundary (-71 Ma): 3
(i) About one third of all taxa (corresponding to ->20% of the specimens)

became extinct within two million years (between -72.4 and -70.4 Ma). 3
(ii) Another third of all taxa (corresponding to ->40% of all specimens)

disappeared from high southern latitudes (or became extremely rare) but 3
persisted in mid- and low latitudes to the K/P boundary (66.4 Ma).

(iii) Most of the dominant nannoplankton species in the late Maestrichtian

were rare during the early Maestrichtian.

(iv) Only one species (N. frequens originated during the Maestrichtian

(between -71.2 and 70.4 Ma) in high southern latitudes. I

1
2) Maestrichtian Evolutionary and Biogeographic Events in

Mid/Low Latitudes 3
(A) Evolutionary Changes I

(a) Extinctions

Five taxa (D. p.ra, Q. trifidum, T. phacelosus., R. levis,P. copulatus) I
became extinct during the early Maestrichtian in mid- and low latitudes and

have been used for stratigraphic purposes (e.g. Bukry, 1973; Sissingh, 1977; 3
Roth, 1978; Perch-Nielsen, 1979a, 1983; Bralower and Siesser, 1992). Because

only upper Maestrichtian sediments were investigated from mid- and low 3
latitude sites, it is not possible to evaluate the severity of the early

Maestrichtian extinctions or to compare them with those in high latitudes. No 3
extinctions were observed in mid- and low latitudes during the late

Maestrichtian (after -71 Ma). I

I
I
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U (b) Originations

Three taxa (Litihaphidi t&i uaJdatus, Micula murus and M. prinsii)

originated during the late Maestrichtian and have been used for stratigraphic

purposes (e.g. Cepek and Hay, 1969; Bukry, 1973; Perch-Nielsen, 1979). Their

first occurrences are at -69.0 Ma, -67.6 Ma and -66.6 Ma, respectively (see

Chapter 3, Biohorizons). Micula mnurus reached abundances of >5% in some

sec-tions (Table 6), whereas L. Quad•rali and M. prinsii never exceeded 5%

(Table 6).

I (B) Biogeographic Changes and Abundance Changes

Worsley (1974) reported that L. cayeuxii was restricted to the early

Maestrichtian in tropical latitudes, but was still present in the late

Maestrichtian in high latitudes.3 Wind (1979a) examined Campanian and Maestrichtian nannoplankton

abundance changes in the southern hemisphere (in mid- to high southern3 latitudes of the Atlantic and Indian Oceans). He documented primarily

nannoplankton provincialism and indicated that a sharp boundary across the

Falkland Plateau separated the high latitude taxa from the mid- latitude

nannoplankton community (with abundant B. constans and M. staurophora).

He also documented an abundance increase of W. barnesae and

Cyclagelosphaera spp. from mid- to low latitudes. Wind (1979a) did not report

abundance changes of individual species through time. Instead he examined3 changes in the dominance of assemblages (groups of taxa with similar

latitudinal preferences) and changes of ratios of certain nannoplankton taxa

3 (B. magnum and D. coronum vs. D. constans; M. staurophora vs. KW_. barnesae

and Cyclagelosphaera spp.). Due to this grouping the abundance changes of3 individual taxa cannot be derived from the trends he reported. Comparison

with his raw data, however, revealed some of the same trends recognized in

this study (see below).

Only one study has attempted to investigate Maestrichtian

nannoplankton biogeographic patterns on a global scale (Thierstein, 1981).

The subsequent dearth of similar studies may be due, in part, to Thierstein's

conclusion that no nannoplankton biogeographic or abundance changes

Soccurred during the latest Cretaceous. Thierstein (1981) confirmed the results

of previous authors (e.g. Worsley and Martini, 1970; Worsley, 1974; Thierstcin,3 1976; Wind, 1979a) that latitudinally defined, nannoplankton

I
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paleoprovincialism was strongly developed during the latest Cretaceous. Wise

(1988) interpreted this provincialism as a function of surface water

temperatures.

Doeven (1983) investigated nannoplankton abundance patterns during

the Campanian and Maestrichtian in the northwest Atlantic Ocean (Canadian I
Atlantic margin). He performed abundance counts on 29 samples from nine

drillholes, and as a consequence the chronologic resolution is quite low

(usually one sample per nannofossil zone). He reported only the abundance

variations of the most abundant taxa (at least >=2% in one sample) but worked

primarily at the generic level. He noted a pronounced abundance increase in

A. cymbiformis from Campanian to Maestrichtian, a concurrent decrease of W.

b, and a frequency decrease of B spp. during the

Maestrichtian. He considered these changes genuine, because preservation did

not change significantly between samples and he interpreted them as
reflecting a temperature decrease. No abundance changes of M. staurophora

and ML. barnesae were observed in this study, possibly due to the fact that only

the late Maestrichtian was investigated (i.e. the abundance changes in these

two taxa were not recorded because they occurred earlier).

In my study no change in the biogeographic distribution of any taxon

during the late Maestrichtian has been observed (i.e. neither immigrations

nor emigrations of taxa). A few taxa show abundance changes through the late

Maestrichtian at all sites:

Ahmuellerella octoradiata was more abundant in high than in low

latitudes during the Maestrichtian (Figure 60) which agrees with its

classification as a high latitude taxon (e.g. Thierstein, 1981). At all sites its

abundance decreased during the Maestrichtian and this speices virtually

disappeared from the records between -68.5 and 68 Ma at mid-latitudes in the

Indian Ocean (Hole 217 and 761B, respectively).

iscuturn.constans reached peak abundances of -6-8% at all sites, it

decreased in abundance in all sections during the Maestrichtian (Figure 61).
This decrease occurred at different times at different sites (-70-68 Ma in Hole

690C; -67-66.7 Ma in Hole 761B; -68-67 Ma in Hole 217; -67.1 - 66.9 Ma in Hole

528).
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(3) Maestrichtian Nannoplankton Biogeography: Arguments

against worldwide stable ecological conditions in the surface ocean during the

latest Cretaceous.I
(A) The Austral Taxa

(a) Which are the "austral" taxa?

Resiwati (1991) suggested the term "austral" to refer to late Campanian

and early Maestrichtian taxa that were restricted to high southern latitudes.
This definition is considered to be too restrictive: several taxa (e.g. N. corystus)

that are characteristic of high southern latitudes extended into the late
Maestrichtian. Others (e.g. D. c, B. dissimilis, BL. magnum, M_.

3 oi~uaternarius) occurred also in the northern hemisphere. I propose to extend

the definition of the term "austral" to include taxa that were restricted to or3 particularly abundant in high southern latitudes frorh late Campanian to early

late Maestrichtian. As a preliminary approach in this study the term austral

taxa includes the following: Biscutum boltum, 1L coronum, D. dissimilis, B

magnum, Misceomarginatus kleniporus, Monomarginatus ec.tinatus, M_

qu•atrnarius, Neocrepidolithus watkinsii, Nephrolithus corystus, Phanulithus3 obscurus, and Psyktoslphaera finkii. Several new species of holococcoliths

(Okkolithus aausralis, Orastrum asarotum, Phanulithus additus, Pharus

I simulacrum) were described by Wind and Wise (in Wise and Wind, 1977) from

the same material in which many of the above listed austral taxa were first

described. Due to their holococcolithic structure these forms are fairly

susceptible to dissolution (Wind and Wise, 1978) which may explain why they

are only very rarely reported from other austral sites. It is possible that (some

of) these species share the stratigraphic and geographic distribution of the

austral taxa and should be included in the austral assemblage. On the other3 hand, their absence may be due to ecologic exclusion since it has been

suggested (Perch-Nielsen, 1985) that holococcoliths may be indicative of3 shallow water depths. A study of recent holococcolith species indicated that

holococcolith species are most abundant under oligotrophic conditions

(Kleijne, 1991). Despite its high abundance in the early Maestrichtian at high

latitudes D. notaculum is not included in the austral assemblage because this

I
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species also occurred in the late Maestrichtian at mid-latitudes (e.g. Holes 761B,

528, and 217, as well as Millers Ferry Section; Table 6).

In order to speculate about the causes of the extinctions of the austral

taxa it is necessary to explore their paleoecological preferences. Their

paleogeographic distribution is used below to infer these preferences.

(b) Paleogeographic distribution of austral taxa

" Austral calcareous nannoplankton species have been reported

extensively from the southern Atlantic and southern Indian Ocean (Table 7;

Figure 62), but no reports of austral taxa from the southern Pacific Ocean could

be located. No early Maestrichtian sediments have been recovered in the South

Pacific, except maybe in DSDP Hole 208, where the exact age of the sediment is

unclear. None of the ODP Legs in the extratropical South Pacific (Legs 133 and

135) recovered Cretaceous sediments. Five DSDP Legs (Legs 21, 28, 29, 35, and

90) took place in extratropical latitudes in the South Pacific Ocean. Only in one

DSDP Hole (Hole 208, Lord Howe Rise, southwestern Pacific Ocean, Leg 21) were

sediments recovered that are older than the N. frequens Zone (?L. guadraLu

Zone sensu Bukry, [1973a] which extends from the early to the early late

Maestrichtian; Bukry, 1973b) and older than the A. mayaroensis Zone (Webb,

1973). Huber (1992b) studied the planktonic foraminifera in Hole 208 and

concluded that the age of the Maestrichtian sediments was late early and early

late Maestrichtian. Only the more abundant nannofossil taxa were listed

(Edwards, 1973: Bukry, 1973b) and Bukry (1973) commented on the high

latitude aspect of the assemblage which contained common A. cymbiformis, L

cayeuxii, and K. magnificu., while W. barnesae was absent (Bukry, 1973b). It is

possible that austral nannofossil taxa are present in very low abundances in

Hole 208.

In the North Sea region where Campanian and Maestrichtian calcareous

nannoplankton assemblages have been thoroughly investigated, only few

austral taxa occur. Biscutum dissimilii, D. magnum, and M. Quaternarius have

been reported from England and northern Germany (e.g. Burnett. 1990). Their

first and last occurrences were used for a stratigraphic subdivision of the

Campanian (Burnett, 1990). Burnett (1990) did not indicate the abundance of

these three taxa, nor did she supply a species list to indicate whether any other

austral taxa were observed. It appears that most of the austral taxa, if present,

were much rarer in the northern hemisphere than in the southern. I
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Table 7: List of sites where austral nannofossil taxa were reported. The sites are
arranged in geographic order, from the western South Atlantic Ocean to the
eastern Indian Ocean.I

Site Location Source

DSDP Hole 327A Falkland Plateau Wise and Wind, 1977

DSDP Hole 511 Falkland Plateau Wise, 1983

ODP Hole 700B East Georgia Basin Crux, 1991

ODP Holes 689B, 690C Maud Rise Pospichal and Wise, 1990

DSDP Hole 249 Mozambique Plateau Wind, 1979

ODP Hole 738C Kerguelen Plateau Wei and Thierstein, 1991

ODP Holes 747A, 748C, 750A Kerguelen Plateau Watkins, 1992

ODP Holes 752B, 754A Broken Ridge Resiwati, 1991

ODP Holes 762C Exmouth Plateau Bralower and Siesser, 1992

DSDP Hole 217 Ninetyeast Ridge (8°N) Wind, 1979

ODP Hole 758A Ninetyeast Ridge (5°N) Resiwati, 1991

I
I
I
I
I
I
I
I
I
I
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U encountered a single specimen of B. magnum in the upper Maestrichtian (M_.

Srinsii Zone) of the Millers Ferry section (paleolatitude -30' N). Biscutum

dissimilis disappeared earlier in the northern hemisphere (late Campanian,

Burnett, 1990) than in high southern latitudes (early Maestrichtian, this

study). Crux (1991) indicates that the last occurrence of B. magnum was

apparently synchronous in high latitudes in both hemispheres (in Chron3 C31R). Biscutum coronum was reported from upper Campanian sediments in

Japan (Okada et al., 1987) where this species was commonly present (1-10% of

the assemblage: Okada et al., 1987).

It appears that most austral calcareous nannoplankton taxa were

restricted to the southern Atlantic and southern Indian Ocean during the late

Campanian and early Maestrichtian. Some exceptions to this rule have been

reported above and future investigations will possibly record other austral

taxa from regions where they are still unknown (such as the southern Pacific

Ocean).I
(c) Why did austral calcareous nannoplankton species become extinct?

The paleogeographic restriction of the austral taxa and the cause of

their disappearance are not fully understood. Apparently (i) the extinctions

did not occur simultaneously among the austral taxa (alti:ough ,hey were

concentrated close to the end of the B. magnum Biochron; Figure 65) and (ii) at

the same time numerous additional taxa disappeared from Hole 690C or became

extremely rare.

In order to explain the pronounced changes that were observed in the

Maestrichtian nannofossil assemblages in Hole 690C it is necessary to examine

whether and in which way other organisms experienced changes around the

early/late Maestrichtian boundary, and to integrate results from stable isotope

investigations (planktonic foraminifera: Huber, 1990; benthic foraminifera:

Thomas, 1990; stable isotopes: Barrera and Huber, 1990; Stott and Kennett, 1990).

* Additional evidence

Planktonic Foraminifera: Planktonic foraminifera are excellently to3 well preserved in Maestrichtian sediments in Hole 690C. The slight changes in

the proportion of benthic foraminifera throughout the Maestrichtian

correlates with excellent preservation during most of the early Maestrichtian

I
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and good preservation during the earliest and the late Maestrichtian (Barrera

and Huber, 1990; Huber, 1990). The austral nature of the assemblage is

documented by the presence of five species that were restricted to high

latitudes (Archaeoglobigerina au.tlgi.J A. mateola, Globigerinelloides

im1penIsus, U .g.eg.eIJ& sieri, Rugolruncana circumnodifer; Huber, 1990), by

low diversity (compared to tropical and subtropical assemblages), and by the

absence or rareness of typical tropical taxa. The diversity of the planktonic

assemblage was low during the early early Maestrichtian (around 10 species);

it increased in the late early Maestrichtian to -12-14 species and remained at

that level during the late Maestrichtian (Huber, 1990). The diversity increased

due to the first occurrences of five taxa (Globotruncana subcircumnodifer, G.

bulloides, Globotruncanella D, Globigerinelloidees subcarinatus,
Globotruncanella dita, Pseudotextularia elegans; Huber, 1990, 1992b) which

were known from lower latitudes where their first occurrences are (in some

cases considerably) older than on Maud Rise. The poleward migrations of

species typical of lower latitudes could be interpreted as warming pulses of

surface waters at high latitudes. However, evidence from stable isotopes does

not support such an interpretation (Huber, 1990). Paleoceanographic factors

other than temperature, such as changes in nutrient supply, salinity, vertical

stratification and/or surface water turbidity must be invoked to explain the

planktonic foraminiferal patterns (Huber, 1990). Huber (1992a) and Huber and

Watkins (1992) suggested that the poleward expansions of low latitude species

may have been due to increased stratification of surface waters. Stable isotope

records, however, do not seem to support this contention (see below).

Benthic Foraminifera: Benthic foraminiferal assemblages changed

moderately between the early and the late Maestrichtian and the changes are

sufficient to allow recognition of two assemblages (Thomas, 1990): assemblage

8 ranged throughout the early Maestrichtian and was replaced by assemblage

7 in the early late Maestrichtian (at -69.4 Ma; boundary between subchrons

31R and 31N; Thomas, 1990). The differences between these assemblages were

small compared to faunal changes at other times (Thomas, 1990) and the

changes occurred gradually rather than abruptly. The differences between

assemblages 8 and 7 include a slight increase in diversity, a decrease of the

percentage of epifaunal species (from 52 to 43%) and an increase of infaunal

and cylindrical species (from 43 to 51%; Thomas, 1990). In addition, the
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proportion of benthic to planktonic foraminifera increases at the boundary

between assemblages 8 and 7; this increase may reflect decreasing

preservation of planktonic foraminifera in the late Maestrichtian (see above,

and compare e.g. Huber, 1990; Barrera and Huber, 1990). Variations in relative

abundances of infaunal and epifaunal species in recent assemblages reflect

variations in the availability of organic carbon to the bottom-dwelling fauna

(Corliss and Chen, 1988). Thus the increase of infaunal species may be used to

argue for increased productivity in surface waters (Thomas, 1990) or low

oxygen content in the bottom water (see Thomas [1990] for a more detailed

discussion). Thomas (1990) noted that neither of these arguments was

supported by sedimentologic (Robert and Maillot, 1990) or stable isotope

evidence (Barrera and Huber, 1990).

Stable isotopes: Barrera and Huber (1990) measured stable isotopes from

planktonic and benthic foraminifera as well as from bulk sediment to

investigate paleoenvironmental changes at high southern latitudes during the

Maestrichtian.

The general tirend of oxygen isotope values of planktonic and benthic

foraminifera is an increase throughout the Maestrichtian (except for a short

negative excursion at the very top of the Maestrichtian; Figure 63a). This

indicates a longterm temperature decrease. The increase of 518O values is not

gradual but rather proceeds in a stepwise manner with steps at -73.5 Ma and at

about 71.0 Ma. The record of the benthic species Gavelinella beccariiformis

shows both steps whereas only the earlier increase is evident in the 8O80
record of Globigerinelloides mnispiatus. The second increase (at 71.0 Ma) is

less apparent in GC. multispinatiu (only about 0.296). In constrast, the increase

at -73 Ma is not observed in the record of the planktonic species

Archaeoglobigerina australis: its 8180 values remained roughly constant

(average -0.3%o) up to about 71 Ma, where an abrupt increase of about 0.59%

occurred and subsequently a gradual increase to values similar to those of the

benthic species.

The 81 3C records of benthic and planktonic species vary roughly in

parallel, with a constant offset of about 1%o (Figure 63b). A gradual 81 3C

decrease occurred during the early Macstrichtian (from about 74.5 to 71.5 Ma);

it culminated in a spike of very light 81 3C values at -71 Ma. Carbon isotope

ratios quickly reboundcd from this negative excursion and around 70.2 Ma the

I
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Figure 63: Stable isotope records from Maestrichtian sediments in southern
high latitudes (ODP Hole 690C). Data from Barrera and Huber (1990) and Stott
and Kennett (1990).
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values were higher than during the early Maestrichtian. For the late

Maestrichtian the benthic 51 3C record shows roughly constant values, while

the planktonic record shows an increase that continued up to -67.5 Ma (as

recorded by Barrera and Huber, 1990).I
Barrera and Huber (1990) discussed in detail the reliability of the stable

isotope data from different foraminiferal species. They concluded that the

isotopic values of A. australis and of G. beccariiformis reflect changes,

respectively, in surface and bottom waters. They argued that CL. multispinatus

lived very close to the surface (based on observations from Seymour Island,

Antarctica, where G. multispinatus was recorded abundantly in shallow water

sediments; Huber, 1988) and that its 813C record reflects surface water

conditions, but that its 81so record was modified by vital effects.

I would suggest, however, that the carbon and oxygen isotope data from
Hole 690C indicate that _. multispinatus lived in deeper waters than A.

australis, except for an inversion of their respective 81 80 and 8• 3C values

between about 70 and 68.5 Ma. The oxygen isotope data indicate a cooling event

at about 73.5 Ma that affected bottom waters and (possibly) the deeper

thermocline. This cooling event did not affect surface waters (as recorded by

A. aujalis). It should also be noted that a second cooling pulse occurred at

about 71 Ma, which affected bottom and surface waters; the temperature

decrease in surface waters was much more severe than that of bottom waters.

* This pronounced cooling of surface waters at 71 Ma coincides with the

conspicuous diversity decrease among calcareous nannofossils observed at ODP

Site 690.

The longterm shifts in both the benthic and the planktonic 5"C data

indicate changing carbor. reservoirs, possibly reflecting changing

paleocirculation patterns (e.g. better mixing of water masses of the southern
high latitudes with the rest of the world's oceans).

A pronounced but brief negative excursion in the 5 1 3C record was

documented in Hole 690C (Barrera and Huber, 1990): it began at the C32N/C31R

boundary in the late early Maestrichtian (top of the CL. havanensis Zone, top of

the D. magnum Zone, -71.2 Ma according to the age model herein; Figure 57).

Its duration is difficult to assess due to incomplete core recovery, but it was

probably no longer than -0.8 m.y. (and could have been shorter, depending on
the age estimated for the core catcher of Core 113-690C-18). The spike to

I
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lighter 8 13 C values at -71 Ma occurred at the same time as the cooling event of

the entire water column (as expressed by the 8180 record) but a causal relation

of these two trends is not apparent.

It is unlikely that this decline reflects decreased productivity (Berger

and Vincent, 1986) because surface to deep water carbon isotope gradients

remained unchanged (Barrera and Huber, 1990). Instead the negative 81 3 C

spike could have resulted from decreased storage of organic carbon in shallow

shelf areas due to a sea level fall at the early/late Maestrichtian boundary

(Haq et al., 1987). Barrera and Huber (1990) interpreted the ensuing increase

in the 81 3 C record as a consequence of the subsequent sea-level rise (via

increased organic carbon burial on continental shelves).

If the negative carbon isotope spike is due to a global sea level fall, it

should be a global feature. Only two sufficiently detailed Maestrichtian carbon

isotope records are available for comparison (Figure 64). Mount et al. (1986)

reported a negative carbon isotope excursion (Figure 64a) in the lowermost

upper Maestrichtian (base of the A. mayaroensis Zone according to Herm, 1963;

no paleomagnetic data available) from the Sopelana section in northern Spain.

Also at Gubbio (Italy) the lowest 6 13 C values in the Maestrichtian (Corfield et

al., 1991; Figure 64b) occur in the mid-Maestrichtian (-71.5 Ma) shortly before

the beginning of Magnetozone C31 (paleomagnetic data of Alvarez et al., 1977).

This suggests that the negative carbon isotope excursion may indeed be

a global feature reflecting the sea level fall at the early/late Maestrichtian

boundary. The carbon isotope data do not indicate a productivity increase (as

suggested by benthic foraminiferal changes), since the offset between

planktonic and benthic species remained constant throughout the record.

Summary_: Numerous nannoplankton taxa disappear from high southern

latitudes around the early/late Maestrichtian boundary (-71 Ma). Planktonic

and benthic foraminifera suggest paleoceanographic changes during the

Maestrichtian, but in these latter groups the changes are less pronounced

than in the calcareous nannoplankton. No evidence is available to speculate

about th,: influence of salinity changes on changes in calcareous

nannoplankton. In the following the evidence for changes of temperature,

nutrients, turbidity, and stratification of surface waters as causes for the

observed biospheric changes will be briefly discussed.
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Tempeaturie. : Huber (1990) pointed out that a discrepancy existed if the

immigration of tropical planktonic taxa into high latitudes during the late

Maestrichtian were interpreted as a warming signal, since the stable isotope

record indicates cooling. Instead he suggested a solution to this dilemma by

proposing that an oceanic front separated the austral realm from mid-latitudes

during the late Campanian and early Maestrichtian (Huber, 1992a). He

speculated that this oceanic front vanished at the early/late Maestrichtian

boundary and that austral surface waters became more stratified. However, a

decrease in the interspecific 6180 gradient among planktonic foraminifera at

the early/late Maestrichtian boundary (Barrera and Huber, 1990) seems to

contradict this speculation (see below).

Several nannoplankton species disappeared from (or became very rare

in) high latitudes around the early/late Maestrichtian boundary but persisted

until the end of the Maestrichtian in mid- and low latitudes (as discussed

above). This is interpreted here as a response to cooling in high latitudes as

indicated by the oxygen isotope record. In contrast, the group of austral taxa

became extinct at about the same time. I would suggest that the extinctions of

the austral taxa were not a consequence of decreasing water temperature,

because if they were temperature sensitive they would have migrated into

lower latitudes. Instead I propose that the extinctions of the austral taxa were a

consequence of changes in nutrient availability, stratification of the photic

zone, turbidity or salinity changes brought about by circulation changes

caused by a sea level fall.

A higher percentage of terrigenous components in early Maestrichtian

sediments (compare Figure 6 in the chapter on Chronology) may indicate

higher turbidity during this time and some changes among the calcareous

plankton may be due to this fact. Comparison with other high latitude sites is

needed to indicate whether mid-Maestrichtian changes correlate everywhere

with sedimentologic changes.

A change in the stratification of surface waters from early to late

Maestrichtian at high southern latitudes is inferred from the stable oxygen

isotope record. If the 818o record of Q. multispinatus is considered to reflect

conditions in deeper surface waters and that of A. australis to reflect those in

shallow surface waters, it seems that the temperature differences within the

mixed layer were larger during the late early Maestrichtian than during the
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I early late Maestrichtian (Figure 63a). A higher temperature gradient in

surface waters during the early Maestrichtian may indicate that the

thermocline was shallower than during late Maestrichtian. This may imply

that the stratification of surface waters decreased from the early to the late

Maestrichtian. A decrease in the stratification of surface waters would have

facilitated the advection of nutrients into the photic zone, and I would suggest

that it was increased surface water fertility that caused the extinction of the

austral taxa. This argument is consistent with investigations of recent

calcareous nannoplankton: it has been documented that coccolithophorids

dominate the phytoplankton under oligotrophic conditions (Smayda, 1980) and

that nannoplankton diversity is higher in the oligotrophic open ocean than3 in eutrophic marginal seas (Okada and Honjo, 1975).

A decrease of surface water stratification is in contrast to the argument

of Huber and Watkins (1992) who interpreted the migration of tropical

planktonic foraminiferal species to high southern latitudes during the late

Maestrichtian as a reflection of increased surface water stratification during

the late Maestrichtian.

The following observations are summarized:

(i) Eleven taxa are considered as "austral taxa". All of them were restricted to,

or particularly abundant in, high southern latitudes, and all of them became

extinct between -72.4 and -70.4 Ma (most of the extinctions were concentrated

between 71.1 and 70.4 Ma).

(ii) The austral taxa constituted about one third of all taxa present in southern

high latitudes, and -20% of the assemblage.

(iii) I suggest that the extinctions of most of the austral taxa were a

consequence of increased nutrient availability and decreased surface water

stratification. The extinctions coincide with a 61 3 C excursion that probably

reflects a sea level fall.

(B) Nannoplankton Response to Environmental Perturbations

3 During the Last 500 ky of the Cretaceous

a) High latitude evidence

3 1The following discussion relies mostly on nannofossil and stablc isotope

data from ODP Hole 690C because no other record of comparable resolution or

3 duration is available.

I
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At high southern latitudes the following nannoplankton trends

occurred during the last 500 ky of the Cretaceous (Figure 65): Between -66.70

and 66.57 Ma Placozygus fibuliformii (Figure 65a) was more abundant in the

nannoplankton association than either before or afterward. This species

reached peak abundances of -5-6%. An almost exactly opposite abundance

pattern was recorded for the species Lucianorhabdus cayeuxii and Micula

staurophora (Figure 65b, c). Both taxa were present prior to -66.76 Ma,

disappeared almost completely between -66.76 and 66.62 Ma, and were present

again between 66.62 Ma and 66.4 Ma.

A fairly detailed stable isotope record from the uppermost Maestrichtian

in Hole 690C was presented by Stott and Kennett (1990). Direct comparison of

this record with the nannoplankton abundance patterns is difficult because

the resolution of the stable isotope study is much coarser than that of the

nannoplankton abundance records in this study. In addition, the stable isotope

changes measured on different foraminiferal species or on the fine fraction

are not exactly synchronous. The highest resolution was achieved in the stable
isotope record of the planktonic foraminifera Globigerinelloides multispinatus

and this record was used for comparison with the nannoplankton abundance

changes in the following discussion (Figure 65d, e).

A fairly abrupt decrease in 8180 values (-0.5%o) occurred at -66.65 Ma,

values remained low until -66.50 Ma, and then increased again abruptly (by

-0.5%o; compare Figure 65d). This brief negative excursion was observed in

planktonic as well as in benthic foraminferal species and was interpreted by

Stott and Kennett (1990) as a warming pulse of -2°C. Alternatively, this 8180

excursion could indicate a brief episode of decreased salinity. A 8180 decrease

of 0.5%o corresponds to a salinity decrease of -1.7%o according to Craig (1966),

and -0.8%o according to Craig and Gordon (1965). Palynomorph evidence from

Seymour Island (off the Antarctic Peninsula) suggests a brief warming

interval in the latest Maestrichtian (Askin, 1989). The oxygen isotope

excursion is interpreted here as a brief warming pulse rather than a salinity

decrease. A warming pulse during the latest Maestrichtian (at the base of

Magnetochron 29) was also reported from the North American interior based
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on plant fossils (Johnson, 1992). This may indicate that the warming pulse in

the latest Maestrichtian was not restricted to high -outhern latitudes.

The 8 13 C record of CL. multispinatLu shows increasing values between

-66.6 and 66.4 Ma but the 8 13 C record of A. mayaroensis decreased during the

same interval; this latter record is discarded in this discussion because of very

few data points. Stott and Kennett (1990) reported that the 81 3 C increase prior

to the K/P boundary in Hole 690C was part of a global pattern reflecting a

redistribution of carbon between different reservoirs. Zachos et al. (1989)

suggested that the positive 8 1 3 C excursion prior to the K/P boundary in the

equatorial Pacific (Site 577) may have been caused by changes in circulation.

The increased abundances of P. fibuliformis and its abrupt decline

between -66.60 and 66.55 Ma does not correlate with any of the observed stable

isotope changes (Figure 65a). A similar lack of correlation of calcareous

nannoplankton abundance patterns and stable isotope variations was also

reported in the late Miocene of the North Atlantic (Beaufort and Aubry, 1990)

and in the Miocene of the southern Indian Ocean (Beaufort and Aubry, 1992).

Pl.ac.zy.gus fibuliformis was observed more abundantly in mid- and low

latitudes (this study), but it is unresolved whether this biogeographic pattern

reflects temperature preferences.

Lucianorhabdus cayeuxii (Figure 65b) was present between -66.85 and

66.75 Ma, it was absent between -66.74 and 66.62 Ma. This species started to

increase in abundance at -66.62 Ma, reached maximum values (-20%) at -66.55

Ma, remained at these high values 66.43 Ma, and decreased in abundance to

comparatively low values (<5%) between 66.43 and 66.40 Ma. Insufficient stable

isotope data points are available to elucidate the interval between 66.85 and

66.76 Ma (Figure 65d, e). The beginning of the abundance increase of L.

cayeuxii started as soon as the warming pulse was fully established (based on

the 8180 record of G. multispinatu ). No decline in the abundance of L. cayeuxii

is observed between -66.5 and 66.45 Ma when the 8180 record of CL.

multispinatus indicated that surface water temperatures cooled again. An

abundance decrease of L. cayeuxii was recorded only when temperatures had

dropped to the same values as before the warming pulse (between -66.45 and

66.40 Ma; 8180 record of CL. multispinatus). These patterns may indicate that L.
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cay-euxii thrived during the maximum of the warming pulse and also during its

decline, but that it decreased in abundance when temperatures fell below a

certain threshold value. The implied temperature sensitivity of L. cayeuxii is

not reflected by any abundance changes during the incipient phase of the

warming pulse (between -66.76 and 66.62 Ma), when the change in water

temperature was almost the mirror image of that recorded between -66.5 and

I 66.45 Ma. A similar, non-linear correlation of L.cayeuxii with temperature is

also apparent from previously published abundance patterns of this species:

due to its abundance peak in high latitudes Lucianorhabdus cayeuxii is

considered a high latitude taxon possibly indicative of cooler surface waters

(Thierstein, 1981) but Worsley (1974) pointed out that in high latitudes this

species was present during the entire Maestrichtian, while in low latitudes it

occurred only during the early Maestrichtian. My data indicate that this taxon

did not disappear completely from mid- and low latitudes, since it was recorded

very rarely in all mid- and low latitude sections (Table 6). Worsley (1974) did
not report exactly at what time L. cayeuxii disappeared from (or became very

rare in) low latitudes, but my data suggest that its disappearance/abundance

decrease must have occurred prior to -71 Ma. The reason for the disappearance

of L. cayeuxii from low latitudes is unclear, because low latitude surface waters

cooled during the Maestrichtian (e.g. Douglas and Savin, 1975) and should have

become more hospitable for a high latitude dweller. I conclude that L. cayeuxii

cannot be considered a temperature indicator exclusively.3 The abundance pattern of L. cayeuxii could be explained as a

consequence of circulation changes (and nutrient availability?) as expressed

by the changes in the 8 1 3 C record because the beginning abundance increase

of L. cayeuxii at -66.61 Ma coincides with the increase in the 8 13C of G.

multlinatus (Figure 65b, e). However, no changes in the 51 3 C record are

discernible while L. caveuxii decreased in abundance (between -66.45 and

66.40 Ma).

Micula staurophora increased sharply in abundance at -66.62 Ma

I (Figure 65c), reached peak abundances of almost 2% at 66.60 Ma and gradually

decreased in abundance to <0.5% between 66.60 and 66.40 Ma. The peak

I abundance at 66.60 Ma coincided exactly with the beginning of the warming

pulse indicated by the 8180 record. It is possible that the increased abundance
I values of Mh. staurophora at 66.60 Ma were caused by increased water

I



176

temperatures. The interpretation of M. staurophora as a temperature sensitive

taxon is in agreement with its latitudinal distribution during the

Maestrichtian (Wind, 1979a; Thierstein, 1981) and has been proposed

previously (Doeven, 1983). However, the decrease in abundance of Mh.

staurowhora between 66.60 and 66.50 Ma, when oxygen isotope data still

indicated high surface water temperatures remains unexplained. It is possible

that changes in the circulation pattern (suggested by the 81 3 C record; Figure

65e) led to the establishment of deleterious environmental conditions for M.

staurophora.

From the stable isotope results and the nannofossil patterns in the

uppermost Maestrichtian in Hole 690C the following conclusions can be

reached:

(i) Stable isotope data of higher resolution are required to determine

unambiguously the timing of the oxygen and carbon isotope changes.

(ii) The negative 8180 excursion between -66.60 and 66.40 Ma is interpreted as a

warming pulse of -2*C and not as a low-salinity signal, because it affected the

entire water column and independent evidence from plant fossils also suggests

a short period of elevated temperatures.

(iii) The abundance changes of most calcareous nannoplankton taxa do not

correlate with the 8180 variations ("warming pulse").

(iv) The abundance increase of M_. taurophora may be a consequence of

increased surface water temperatures; its decrease during times of elevated

surface water temperatures is not satisfactorily understood. It is possible that

changes in ocean circulation as indicated by the 81 3C record led to

environmental changes that were deleterious for this species.

(v) The elevated abundances of L. cayeuxii between -66.62 and -66.45 can be

interpreted as a consequence of increased nutrient availability. It is possible

that the abundance decrease of L. cayeuxii between -66.45 and 66.40 Ma

reflects cooler surface waters.

(vi) The abundance changes of P. fibuliformis, especially the abrupt decrease

between 66.60 and 66.55 Ma does not correlate with variations in the stable

isotope records suggesting that this species did not respond linearly to

changes recorded by the stable isotopes (e.g. temperature changes, nutrient

availability, etc).
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(b) Mid-latitude trends

Changes in abundance of selected nannoplankton species were

observed to occur in mid-latitudes but the species which displayed the most3 pronounced changes were different in the Atlantic and the Indian Ocean. In
the mid-latitude Atlantic Ocean (Hole 528) the abundance changes of selected3 taxa occurred around 67.0 Ma (Figure 66). Biscutum constans, C. kamptneri, and

E. parailefus (Figure 66a, b, c) decreased significantly in abundance at that

time, whereas T. macleodae (Figure 66d) increased. Zygodiscus sp. 1 (Figure

66e) also fluctuated significantly in abundance; this species reached an

abundance peak between -66.70 and 66.60 Ma. No sufficiently detailed stable

isotope records are available to compare with the nannoplankton abundance
changes. Baiscutum constans has been interpreted as a fertility indicator (Roth

and Bowdler, 1981) and it is possible that its decrease in abundance between

-67.1 and 67.0 Ma reflects a reduction in nutrient availability at that time. If
this is the case, then the abundance changes of C. kamptneri, E. parallelus and

I. macleodae may also result from decreased nutrient availability. However,

these conclusions are tentative until more detailed stable isotope records are

available. No detailed nannoplankton records from the same time interval (-67
Ma) are available for comparison from the other sections studied. The cause3 for the abundance increase of Zygodiaca sp. I remains unclear at the moment.

In the sections investigated in the mid-latitude Indian Ocean (Holes 761B3 and 217) similar taxa display abundance variations: in botl holes N. frequens,

C. daniae, and Vagalapilla spp. increase in abundance during the last -100 ky

of the Maestrichtian (Figures 67 and 68). These three taxa are well known for

their abundance maxima in high latitudes (e.g. Thierstein, 1981). There is some
evidence (see discussion below) that N_.. frequens is indicative of cooler water

temperatures and it is suggested that the abundance increase of this species in

the n. d-latitude Indian Ocean indicates cooling of surface waters during the3 last -100 ky of the Maestrichtian. The concomitant abundance increase of two

other high latitude taxa (C. daniae and Vi~alapilla spp.) sc ins to support this

3 argument.

An abundance decrease of P. fibuliformis was recorded in both Indian

Ocean sites after -66.05 Ma, but whereas this decrease occurs gradually (-66.65-

66.40 Ma) in Hole 761B (Figure 67d) it is fairly abrupt (-66.65-66.60 Ma) in

I
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Figure 66: Abundance variations of selected calcareous nannoplankton taxa in
mid-latitudes in the Atlantic Ocean (DSDP Hole 528). A running five point
average was calculated on the data and the shaded band represents the 95%
confidence interval. The Crctaceous/Paleocene boundary . .s at 66.4 Ma.
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I Hole 217 (Figure 68d). In fact the abundance pattern of P. fibuliformis in Hole

217 is similar to that observed in high southern latitudes (Hole 690C, Figure

65a); it also occurred virtually at the same time at these two sites. No

comparable abundance fluctuations of this species were observed in the mid-U latitude Atlantic Ocean.

The fact that different nannoplankton species displayed significant

abundance fluctuations during the last -500-800 ky of the Maestrichtian is

interpreted here as a consequence of different environmental changes

(possibly reflecting different water masses) in the high southern Atlantic

Ocean, the mid-latitude Atlantic Ocean and the mid-latitude Indian Ocean. No

species displayed comparable abundance variations during the latest
Maestrichtian in the different ocean basins covered here. The similarity of the
abundance record of P. fibuliformis between the high southern Atlantic Ocean

Sand the mid-latitude Indian Ocean is considered an exception.

In contrast to the heterogeneous short term (-500-800 ky) abundance3 fluctuations, some species showed similar long term (throughout the entire

Maestrichtian) abundance trends in all ocean basins. These trends are

g discussed below.

3 (C) Paleoenvironmental Significance of Selected Nannoplankton

Species.3 (a) Previous Studies

Geographic abundance gradients of Mesozoic nannoplankton species
* have been interpreted as a consequence of environmental differences.

Latitudinal abundance gradients were most often explained as an expression of

temperature preference (e.g. Thierstein, 1976; Thierstein, 1981; Wise, 1983).

The other environmental parameters invoked were nutrient availability (e.g.

Roth and Bowdler, 1981) and water depth (e.g. Thierstein, 1976).

Roth and Bowdler (1981) investigated mid-Cretaccous nannoplankton3 abundance patterns and observed abundance differences of numerous taxa

between continental margin and oceanic associations. In neritic

nannoplankton associations they observed comparatively rapid fluctuations of

species abundances and monospecific horizons (which they explained as

"blooms" of certain taxa during increased nutrient availability). These authors

I
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explained the nannoplankton patterns in the neritic sites as a consequence of

high nutrient availability near continental margins and denoted those taxa

that were more abundant in neritic sections (B. constans, Z. erectus, Z. e.k..g.as,

Z. diplogrammus, Corollithion sp.) as high fertility indicators. Based on inverse

reasoning Roth and Bowdler (1981) identified nannoplankton species that they

considered low fertility indicators (W._. barnesae, R. splendens, R. ase..,

possibly L. carniolensis). Roth and Krumbach(1986) expanded the data set of

Roth and Bowdler (1981) and applied more sophisticated statistical analyses,

confirming the previous findings. In order to exclude poorly preserved

samples from their data Roth and Bowdler (1981) and Roth and Krumbach

(1986) discarded samples in which the solution resistant species W. barnesae

constituted >40% of the nannofossil assemblage.

Watkins (1989) examined calcareous nannofossil assemblages from

Cenomanian-Turonian rhythmically bedded pelagic carbonates of the Western

Interior (Greenhorn Limestone). He compared assemblages from chalks with

those from interbedded marlstones and concluded that significant differences

existed in the abundances of some taxa as well as in diversity and species

richness. The biogeographic abundance patterns of Z.. erectus, Biscutum

QonstanAi, and Zeugrhabdotus eleganaa were correlated with each other and

occurred more frequently in the marls than in the chalks. Opposite abundance

trends were observed in E. turriseiffeli, T. phacelosus, P. spinosa, __D. ignQou.s, T.

stradneri, and L. carniolensis. In interpreting these abundance trends

Watkins (1989) followed Roth and Bowdler (1981) and Roth and Krumbach

(1986) considering the first group of taxa as high fertility indicators and the

second as low fertility indicators. Watkins (1989) did not observe a correlation

of W. barnesae with any other taxa (nor with lithology). In addition, Watkins

(1989) observed that nannoplankton diversity (as expressed by the Shannon

diversity index) was higher in assemblages in which the low fertility taxa

dominated.

Premoli Silva et al. (1989) investigated organic carbon rich sediments of

the Aptian-Albian Fucoid Marls in central Italy. Factor analyses performed on

calcareous nannofossil assemblages showed that Biscutum constans,

D•.lubldug. ignti._ and Zygodiscui spp. loaded high on the same factor. From

comparison with the results of Roth and Bowdler (1981) and Roth and

Krumbach (1986) they concluded that these three taxa wcrc indicative of high

fertility in areas of vigorous upwclling. Similarly, they interpreted
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Rhagodius asper and Lithraphidites carniolensis as indicators of moderate

fertility and warmer waters.

iI Erba et al. (1992) investigated calcareous nannofossil assemblages from

the Albian Gault Clay Formation (southern England). Preservation of the

calcareous nannofossils was good and she indicated that the abundance

variations observed were not a consequence of differential dissolution. This3 was further supported by the fact that WM. barnesae was never excessively

abundant (<-25% in all samples). The abundance variations of WM. barnesae and

B.. constans were inversely correlated in agreement with the results of Roth
and Bowdler (1981). Consequently, Erba et al. (1992) interpreted these species

as low and high fertility indicators, respectively.

All of the taxa interpreted as fertility indicators in studies of mid-

Cretaceous nannoplankton were latitudinally restricted to mid and low3 latitudes during the Maestrichtian and some of them exhibited very

conspicuous abundance changes during this time.

(b) Biscutum constans

Abundance decrease: An abundance decrease of this species has

been observed in all sections investigated (Figure 69). It began in the early

Maestrichtian in high latitudes and during the late Maestrichtian in mid-

southern latitudes (Figure 69). A comparison with published data (Wind, 1979a;

Thierstein, 1981; Doeven, 1983) also revealed decreasing abundances of B.

3 £constans throughout the Maestrichtian.

Geographic distribution of the abundance decrease: An

investigation of the count data of Wind (1979a: table 6) reveals that the

abundance decrease of B_. constans occurred in several sections. In DSDP Hole

217 (Wind, 1979a) it occurred at exactly the same level where it was found in

this study: >6% at and below Section 217-21-1; <1% at and above Section 217-19-

1; in this study the decrease was observed between Sections 217-19-4 and 217-

19-2. In DSDP Hole 216 a decrease at the same level (compare Wind, 1979a:

figure 14, p. 110) was observed by Wind (1979a) although only two samples3 document this trend there. In DSDP Hole 249 an abundance decrease of D.

constans (from >15% in most samples to <10%) was recorded in the lower3 Maestrichtian (compare Wind, 1979a: figure 14, p. 110). In DSDP Hole 357 an

abundance decrease of B. constans is apparent from Wind's (1979a) data; its3 exact level is difficult to delineate due to a coring gap across which the

I
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abundance change was recorded but it occurred near the boundary between Q.
trifidum Zone and A. cymbiformis Zones (lower Maestrichtian; Perch-Nielsen,
1977; DSDP Vol. 39). In DSDP Hole 10 (central North Atlantic) the decrease of E.

constans (from ->4% to <1%) occurs at the base of the L. quadratus Zone (Data of

I Wind, 1979a).

An abundance decrease of B. constans is not apparent from Thierstein's3 (1981) study. In DSDP Hole 356 (South Atlantic), DSDP Hole 384 (North Atlantic),

and in the low latitude shelf section at Braggs, Alabama, B_. constans was3 recorded but did not change in abundance throughout the Maestrichtian

(Thierstein, 1981). This species was not recorded from DSDP Hole 47.2 (tropical

Pacific).

Doeven (1983) documented an abundance decrease of Biscutum spp.

during the Maestrichtian, but it is not clear which species he observed, and

I his sample resolution is very low (see above).

The observations above indicate that although the abundance decrease

of 1I. constans during the Maestrichtian was not restricted to the southern3 hemisphere, it did not occur worldwide. They also support my observation that

this decrease did not occur simultaneously at different latitudes (Figure 69).

i Bostum constans has been interpreted alternatively as high fertility

indicator (e.g. Roth and Bowdler, 1981) and as temperature indicator due to its

highest abundances in high mid-latitudes (Wind, 1979a). My investigations

showed that the abundance of B. constans decreased in high southern latitudes

throughout the Maestrichtian. During the same time interval a cooling trend

is indicated by the oxygen isotope record. This may be interpreted as a causal

relation, indicating that B. constans decreased because surface waters became

too cool and supporting Wind's (1979a) suggestion that this species is a (warm)

temperature indicator.

At the same time there is evidence for increased surface water fertility

during the late Maestrichtian (see discussiop above) and the fact that B.

consla did not increase in abundance seems to contradict its interpretation3 as a high fertility indicator (Roth and Bowdler, 1981). It is possible that

abundance changes of this species reflect fertility changes as long as surface3 water temperatures remain within certain boundaries, but that this species

disappears independent of nutrient availability if surface water temperatures3 exceed its ecological tolerance. It is suggested here that the abundance

I
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decrease of B. constans in high southern latitudes was a consequence of

cooling beyond the ecologic tolerances of this species, but that its decrease in

mid-latitude sections could be due to decreasing nutrient availability.

(c) Discorhabdus ignotus

Decreasing abundances of _. ignotus in the late Maestrichtian were

observed in two mid latitude sections (Holes 217 and 528) in this study but an

increase in the epicontinental section at Millers Ferry is also observed. Like E.

constans this species has also been interpreted as high fertility indicator (see

above). Its abundance decrease supports the possibility of decreasing nutrient

availability during the late Maestrichtian in mid latitudes.

In the Millers Ferry Section this species gradually increased in

abundance between -66.60 and 66.42 Ma (from -3% to ->5%). At -66.41 Ma it

increased almost threefold in abundance (from -5% to -15%). Since there is a

hiatus at the K/P boundary, the true extent of this excursion is unknown.

(d) Nephrolithus frequens and other high latitude taxa

Nephrolithus frejQuen is more abundant in high than in mid- and low

latitudes (e.g. Thierstein, 1981; Figure 70) and its abundance increased during

the Maestrichtian in high southern latitudes in parallel with the temperature

decrease indicated by the oxygen isotope record. This may indicate that N.

frequens is indicative of comparatively cool surface water temperatures (e.g.

Thierstein, 1981; Pospichal and Wise, 1990). The equatorward spread of the first

appearance of N_. freQuens during the Maestrichtian (Figure 71) is has usually

been interpreted as reflecting progressive cooling of surface waters. On the

other hand, no abundance decrease was observed at high southern latitudes

during the warming pulse between -66.65-66.50 Ma (Figure 72) suggesting that

N. frequens is not a very sensitive temperature indicator and/or that

abundance fluctuations of this taxon reflects changes in water mass structure

or surface water fertility in addition to cooler temperatures.

The abundance increase of N. freguens during the last -100 ky of the

Maestrichtian at mid-latitudes in the Atlantic and Indian Oceans (Figure 70)

possibly reflects decreasing surface water temperatures at these sites at the

end of the Maestrichtian. Together with N. frequeru., two other high latitude

taxa also increased significantly in abundance during the last -100 ky of the

Maestrichtian in the mid-latitude Indian Ocean: C. daniae and Vagalapilla spp.
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Age (Ma) " 2
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66.17 mid-southern latitudes high southern latitudes

K/P 66.40 29R
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30N 5V

525A
68-

68.42 30R
68.52

69 31N 516F

524
69.40

70-

31R

690C71-
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Figure 71: Comparison of the first appearances of Nephrolithus freguens

compiled from DSDP- and ODP-Holes where magnetostratigraphic control is
available.
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N. frequens G. multispinatus

% ~%o, PDB
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66.45 66.45

66.50 66.50
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66.65 66.65

66.70 66.70
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Figure 72: Abundance fluctuations of Nephrolithus freguens and the 8190
record during the last -500 ky of the Maestrichtian (66.9-66.4 Ma). The
negative shift of the oxygen isotope values between -66.65 and 66.50 Ma is
interpreted as a warming pulse. No abundance decrease of the cool water
indcator N. fre uens is apparent during the warming pulse suggesting that
this species is not a very sensitive temperature indicator and/or that its
abundance fluctuations are not only reflecting temperature changes. Stable
isotope data from Stott and Kennett (1990). The relative abundance of N.
freouens was calculated exclulsive of P. stoveri.
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(Figures 67 and 68). Cribrosphaerella daniae increased in abundance in high

southern latitudes throughout the Maestrichtian (in parallel with decreasing

surface water temperatures); therefore its abundance increase in the latest

Maestrichtian in the mid-latitude Indian Ocean may also suggest decreasing

surface water temperatures. In contrast, Vagalapilla spp. decreased in

ab ndance during the Maestrichtian suggesting that this high latitude taxon

does not respond primarily (or exclusively) to changing surface water

temperatures.

(f) Ahmuellerella octoradiata

This species was more abundant in high than in low latitudes during the

Maestrichtian (e.g. Thierstein, 1981; this study; Table 6; Figure 73), which was

sometimes interpreted as a preference for cooler waters. On the other hand, A.

octoradiata decreased in abundance during the Maestrichtian in high and mid-

latitudes (this study, Figure 73) when stable isotope records indicated global

cooling and when most other high latitude taxa increased in abundance. The

explanation for this abundance change is not obvious but is possibly related to

fertility changes. Furthermore the abundance decrease through the

Maestrichtian reinforces the warning that species with abundance peaks in

high latitudes cannot automatically be interpreted as cool water indicators

(e.g. Vagalapilla spp., see previous paragraph).

4) Implications of High Resolution Biogeographic Studies

Very closely spaced samples permitted a temporal resolution better

than 5 ky for the last 60 ky of the Maestrichtian (represented by -2.7m) in

Hole 690C and during the last 75 ky (represented by -7.5 m) in Hole 528.

Surprisingly high intersample variability was recorded in virtually all

taxa in both holes. The sample spacing in Hole 690C was -3-5cm and only minor

abundance variability of individual nannoplankton taxa between samples had

been expected, because (i) lithology (e.g carbonate content) and color are

uniform (compare lithologic description in Chapter BIOCHRONOLOGY), and (ii)

indications for intensive bioturbation are ubiquitous in the sediment

(presumably obliterating any original short term abundance variations

through sediment homogenization). The reason for the high intersample

variability is not known. In most taxa this variability seems to be random and

not cyclical (except maybe for C. ehrenberiiii; compare Chapter RESULTS, HOLE
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690C) but time series analyses will have to be used to decipher any genuine

cyclicity.

Similar results of high intersample variability between closely spaced

samples were obtained in Hole 528, where cyclical abundance variations were

possibly recorded in P. fibuliformis and P. stoveri (but again, time series

analyses will be necessary to evaluate these trends).

The high variability of nannoplankton species abundances between

adjacent samples demonstrates the need of closely spaced samples to

characterize genuine abundance trends. The abundance fluctuation of P..

fibuliformis between -66.85 and 66.4 Ma in Hole 690C (Figure 65a) is also

apparent in the range chart of Pospichal and Wise (1990: table 2), but this Iinterval is only covered by five samples and therefore the significance of

these abundance changes was not recognized.

Similarly, in many cases it is impossible to interpret confidently the

abundance fluctuations recorded in widely spaced samples (i.e. one sample

every -3 m) in Holes 690C, 761B, and 217 and only the most general trends can

be derived.

High inter-sample variability was not restricted to the late

Maestrichtian interval, but occurred in all time slices investigated. In order to

recognize the statistically significant trends underlying this high variability

a moving five-point average was calculated and is reported in the figures in I
this chapter. I
5) IMPLICATIONS FOR CALCAREOUS NANNOPLANKTON EXTINCTIONS

AT THE K/P BOUNDARY

My detailed investigations of abundance changes of calcareous

nannoplankton taxa do not indicate a gradual loss of species nor stepwise

extinctions during the last -500 ky of the Cretaceous. The nannofossil data thus

do not support sequential turnover and stepwise extinctions of planktonic

foaminifera reported from several sections (El Kef, Tunisia: Keller, 1988;

Brazos River, Texas: Keller, 1989). Conspicuous abundance changes of few taxa

were demonstrated during this time interval (-67-66.4 Ma) which are believed

to reflect environmental perturbations, but no extinctions could be

demonstrated to occur at the same time. There is no evidencc in my data that

I
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I the environmental perturbations inferred from fluctuations of stable isotopes

and selected nannoplankton taxa imposed a stress on the calcareous

nannoplankton rendering them particularly vulnerable to extinction: relative

abundances of most taxa did not change systematically during the last -500 ky

1 of the Cretaceous.

The abundance fluctuations recorded during the last -500 ky of the

Maestrichtian are not unusual compared to abundance fluctuations recorded

in intervals of high sample density earlier- in the Maestrichtian (compare e.g.

the abundance fluctuations of B. constans between -68.6-68.3 Ma in Hole 217

with those between -67.2-66.4 Ma in Hole 528; Figure 69c, d). This implies that

environmental perturbations were not restricted to the last -500 ky of the

Cretaceous, but characterized the entire Maestrichtian. Judging from the

nannoplankton results it would be expected that high-resolution stable isotope

records during earlier parts of the Maestrichtian should document

environmental perturbations similar to those during the latest Maestrichtian

(-67-66.4 Ma).

There is no evidence in my data that calcareous nannoplankton

associations in high latitudes were affected by environmental stress to a

greater degree than in low latitudes during the last -500 ky of the

Maestrichtian. This contradicts the predictions of Stanley (1984) who argued

that global cooling was the cause for the extinctions at the K/P boundary.

I
6) SUMMARY

I Investigations of evolutionary and biogeographic patterns in

Maestrichtian calcareous nannoplankton yield the following results.

1) Major differences in the early and the late Maestrichtian nannoplankton

associations existed in high southern latitudes. Over 50% of all taxa became

either extinct or restricted in their geographic distribution to mid- and low

latitudes. Most of the extinctions and emigrations occurred in the late early

and early late Maestrichtian (between -71.4 and -70.4 Ma). During this time

interval less pronounced assemblage changes were also recorded in

planktonic and benthic foraminifera.

I
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2) Oxygen isotope records of planktonic and benthic foraminifera indicate

progressive cooling of water masses during the entire Maestrichtian in high

southern latitudes with a cooling pulse at -71 Ma (early part of Chron 31R). A

(possibly global) brief negative carbon isotope excursion occurred at -71 Ma

and may be a consequence of the sea-level fall in the mid-Maestrichtian.

3) Many of the nannoplankton taxa that became extinct between 72.4 and 70.4

Ma were restricted to or most abundant in high southern latitudes in the

Atlantic and Indian Ocean (austral taxa). It would appear that they became

extinct as a consequence of increases in nutrient availability, reduction in the

stratification of the photic zone, or changes in salinity, caused by changes in

surface circulation as a consequence of a sea level fall.

The emigrations of numerous taxa from high latitudes is interpreted as a

response to progressive cooling in high latitudes. I

4) In high southern latitudes an abundance increase of Micula staurophora

coincided with the beginning of a warming pulse indicating that abundance

changes of this species may be due to temperature fluctuations. Previously,

abundance fluctuations of this highly solution resistant species have mostly

been interpreted as an indicator of preservation.

5) Significant abundance fluctuations were recorded in several other

nannoplankton taxa during the last -500-800 ky of the Maestrichtian.

Abundance fluctuations of similar magnitude were also recorded in the early

and early late Maestrichtian, indicating that environmental perturbations

were not restricted to the latest Maestrichtian.

6) A conspicuous feature of the calcareous nannoplankton assemblage is the i

lack of abundance changes in numerous high-latitude taxa (i.e. taxa that are

most abundant in high latitudes and rare or absent from low latitudes) during I
a warming pulse of -2°C. This may indicate that high-latitude taxa have wide

temperature tolerances or that their abundance fluctuations are not

exclusively due to temperature changes.

7) Abundance changes in two taxa are of particular interest. An abundance

decrease of Bl. constans was recorded in all sections studied. It occurred

I
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I diachronously in different sections and is attributed to local decreases in

surface water fertility.

Ahmuellerella octoradiata was more abundant in high than in low

latitudes during the Maestrichtian but decreased in abundance throughout the

Maestrichtian in all latitudes when stable isotope records indicated

progressive cooling of surface waters. This indicates that the higher

abundance of A.. octoradiata in high latitudes does not reflect its preference

for colder surface waters. This observation indicates that high latitude taxa

should not automatically be interpreted as indicative of lower water
I temperatures.

8) No stepwise extinctions and no gradual loss of species were recorded among

the calcareous nannoplankton during the last -500 ky of the Cretaceous.I
I

C
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CHAPTER 6 U
SYNOPSIS

The following discussion summarizes the major findings of this study

and highlights correlations between the biogeographic evolution of the

marine calcareous plankton during the Maestrichtian and major

oceanographic and climatic events. These events are graphically summarized

in Figures 74 and 75.

Maestrichtian calcareous nannoplankton are characterized by

pronounced latitudinal provincialism: numerous species display abundance

gradients across latitudes and/or are endemic to high or low latitude regions

(e.g. Wind, 1979a; Thierstein, 1981; this study). This study shows that a

significant turnover occurred in the late early and early late Maestrichtian

(between -72.4 and 70.4 Ma) when about one third of all taxa in high southern

latitudes became extinct (including all taxa endemic to the austral realm.

During the same time interval another third disappeared regionally (Figure

74.2) restricting their geographic distribution to mid and low latitudes where

they persisted until the end of the Cretaceous (66.4 Ma).

Ahmuellerella octoradiata. and Nephrolithus f are both more

abundant in high than in low latitudes and it has been implied (Thierstein,

1981) that high latitude taxa preferred colder water temperatures. These two

species, however, have opposite abundance trends during the Maestrichtian

(Figure 74). When stable isotope evidence suggests gradual global cooling of

surface waters, the abundance of A. octoradiata decreased whereas that of N.

fre.uens increased, suggesting that N. freQuens may have preferred lower

temperatures and that A. octoradiata was insensitive to the cooling. In addition,

the first occurrence of N. frequens appears to be diachronous, occurring

progressively later (calibrated against paleomagnetic stratigraphy) in mid-

and low than in high latitudes, in agreement with the hypothesis that this

species migrated equatorward in response to decreasing surface water I
temperatures (Pospichal and Wise, 1990).

Biiuwi constans also decreased in abundance throughout the

Maestrichtian (Figure 74). This abundance decrease occurred earlier in high

than in low latitudes. According to Roth and Bowdler (1981) B. constans is a

fertility indicator. Its abundance decrease during the Maestrichtian would

suggest that nutrient availability decreased during the latest Cretaccous.

I
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I However, stable isotope records from high southern latitudes may be

interpreted as a decrease in the stratification of surface waters, thus3 facilitating mixing of nutrients into the photic zone. The conflict in the

interpretation of the abundance decrease of B. constans and the stable isotope3 record cannot be resolved with the data available, but it is likely that the

abundance distribution of D. constans is not simply a fertility signal. Its

I distribution may also be influenced by temperature changes.

Pronounced provincialism during the late Campanian and early

Maestrichtian was also reported for planktonic foraminifera (e.g. Huber, 1992)

when austral, transitional, and tethyan assemblages were differentiated. The

austral planktonic foraminiferal assemblages were characterized by low

diversity, taxa endemic to high southern latitudes, and the absence or extreme

rarity of keeled forms. During the late early and late Maestrichtian the

differences between the austral, transitional, and tethyan foraminiferal

assemblages became less pronounced partly due to the geographic expansion

of low latitude, keeled species into high southern latitudes (see Figure 74).

I Two Maestrichtian assemblages of benthic foraminifera can be

distinguished in high southern latitudes (Thomas, 1990; Figure 74) but the3 differences between the assemblages are small compared to faunal changes at

other times (Thpmas, 1990). At -69.4 Ma (magnetochron 31R/31N boundary)

I species diversity increased slightly, and the proportion of infaunal and

cylindrical species increased at the expense of epifaunal species. The causes of

the changes in the benthic foraminifera assemblages (changes in the

availability of organic carbon due to productivity changes in surface waters

or changes in the oxygen content of bottom waters) are not clear, since

I neither the stable isotope records nor the other microfossil groups exhibit

coeval changes.I
Stable isotope records indicate global cooling of surface and bottom

waters as well as circulation changes. Oxygen isotope data from planktonic and

benthic foraminifera from low (Saito and van Donk. 1974; Douglas and Savin,

1975; see summary in Savin, 1977) and high latitudes (Barrera et al., 1987;

Barrera and Huber, 1990) indicate that surface and bottom water temperatures

decreased throughout the Macstrichtian (see Figure 74). In high southernI
I
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Figure 74: Oceanographic and climatic events in the Maestrichtian as

evidenced by calcareous nannoplankton, foraminifera, stable isotopes and

seismic stratigraphy. Compiled from the following sources: (1) Kent and

Gradstein (1985); Berggren et al. (1985); (2) this study; (3) Huber (1992a); (4)

Thomas (1990); (5) Barrera and Huber (1990); Stott and Kennett (1990); Saito

and van Donk (1974); Douglas and Savin (1975); (6) Barrera and Huber (1990);

Corfield et al. (1991); Mount et al. (1986); (7) Vail et al. (1977); Bond (1978);

Hancock and Kauffman (1979); Haq et al. (1987). I
I
I
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latitudes an abrupt cooling pulse was recorded at the early/late Maestrichtian

boundary. I proposed that the temperature decrease of high latitude surface

waters was the cause for the regional disappearance of twelve nannoplankton

species and genera during the late early and early late Maestrichtian; these

taxa persisted until the end of the Cretaceous in lower latitudes where surface 3
water temperatures were warmer.

At the same time as the cooling pulse, the oxygen isotope gradient

between planktonic species decreased implying decreased surface water

stratification in the late Maestrichtian. This decrease of surface water

stratification would have facilitated the mixing of nutrients into surface

waters. Studies of recent nannoplankton have shown that coccolithophorid

diversity is higher under oligotrophic than under eutrophic conditions 1

(Kilham and Kilham, 1980). I propose that decreasing stratification of surface

waters and increased nutrient concentrations in the photic zone resulted in 3
the extinction of twelve taxa in high southern latitudes.

A negative excursion in the carbon isotope record was recorded at the 3
early/late Maestrichtian boundary (-71 Ma; earliest part of magnetochron

31R) in high southern latitudes. This excursion was recorded in planktonic as

well as in benthic foraminfera indicating that it affected the entire water

column. A similar negative carbon isotope excursion was also observed in two

tropical sections indicating a global phenomenon. This excursion may have 3
resulted from an exchange of carbon reservoirs, possibly as a consequence of

ocean circulation changes and/or a sea-level fall.

A sea level fall at the early/late Maestrichtian boundary has been

suggested by several authors (e.g. Hancock and Kauffman, 1979; Haq et al., 3
1987), but opinions differ about its abruptness and amplitude. Hancock and

Kauffman (1979) reported that the sea level during the late Campanian and

early Maestrichtian was about 645-660 m higher than today, and that it fell

during the late Maestrichtian (dotted bar in Figure 74.7). Haq et al. (1987)

indicated a fairly abrupt and comparatively brief sea-level fall at the 3
early/late Maestrichtian boundary (from -225 m to -160 m above present sea

level) followed by a return to a high sea level stand during the late 3
Maestrichtian (dashed line in Figure 74.7). Vail et al. (1977) reported that the

sea-level in the latest Cretaceous was 300-350 m above present sea level. These 3
authors did not report any details on Cretaceous sea-level changes because

these results had not been released for publication (Vail et al., 1977). Bond 3
l
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3 (1978) argued that the sea-level during the late Campanian and early

Maestrichtian was only -100-150 m higher than today; he suggested that3 higher estimates derived from North America and Africa were exagerated due

to uplift of these continents since the latest Cretaceous.

During the last -800 ky of the Maestrichtian pronounced abundance3 changes occurred in calcareous nannoplankton in all sections investigated.

The abundance changes in the mid-latitude Indian Ocean Sites (Site 217 and

761) affected the same species and occurred at approximately the same time; in3 contrast, the abundance patterns- at the other sites strongly differ from those

at Sites 217 and 761 and they occurred at different times. This indicates that3 environmental perturbations occurred in all ocean basins, but apparently

were of different nature and timing. It is concluded that the mid-latitude South

Atlantic Ocean, the mid-latitude Indian Ocean, and the high-latitude Southern

Ocean were occupied by different water masses with different environmental

characteristics.

At southern high latitudes stable isotope records from planktonic and

benthic foraminifera (Stott and Kennett, 1990) indicate environmental

perturbations (warming pulse or low-salinity pulse; ocean circulation

changes) but none of the nannoplankton abundance changes exactly3 correlate with the stable isotope changes.

The planktonic foraminifer Pseudotextularia elegans first appeared in

high southern latitudes in the latest Maestrichtian (at -66.5 Ma on Maud Rise:

Huber, 1990; Huber, 1992b). This is much younger than the first appearance

datum of this species in low latitudes (late Campanian; see Huber and Watkins,

1992: fig. 16). Huber and Watkins (1992) interpreted the poleward migration of

P.. elkgan in the latest Maestrichtian as a consequence of a brief (-<100 ky)3 warming pulse indicated by a negative excursion in the oxygen isotope

records at that time on Maud Rise.

3 During the same general time Courtillot (1990) placed three major

eruption events of the Deccan Trap volcanism. The temporal constraints on

these eruption pulses are derived from the paleomagnetic data and are only

approximate but they suggest that the bulk of the eruptions occurred during

the last -500 ky of the Cretaceous (Courtillot, 1990). It has been suggested that

the eruptions of the Deccan Traps caused environmental (acid rain) and

climatic perturbations which leading to the biospheric turnover across theU
I
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Figure 75: Oceanographic and climatic events during the last 800 ky of the

Cretaceous based on evidence from calcareous nannoplankton, planktonic

foraminifera, stabl, isotopes, volcanism, seismic stratigraphy, and fossil plant

records. Com-'..;d from the following sources: (1) (1) Kent and Gradstein

(1985); Berggren et al. (1985); (2) this study; (3) Huber (1990, 1992a); (4) and 3
(5) Stott and Kennett (1990); (6) Courtillot (1990); (7) Vail et al. (1977), Haq et al.

(1987). Brinkhuis and Zachariasse (1988). 3
U
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K/P boundary (Officer et al., 1987). However, no gradual or stepwise

extinctions of calcareous nannoplankton during the postulated eruption

pulses in the latest Maestrichtian could be documented in this study.

At the Cretaceous/Paleocene boundary the sea-level fell -200 m

according to Vail et al. (1977), and -100 m according to Haq et al. (1987).

Brinkhuis and Zachariasse (1988) reported changes in dinoflagellate

associations, number of sporomorphs and changing amounts of land derived 3
organic matter from the El Haria section (Tunisia) and regarded them as

indicative of rapidly falling sea level during the last 17 ky of the Cretaceous.

Physiognomic and taxonomic changes of land plant macrofossils from

the interior -, North America indicate a warming trend beginning at the base

of Magnetochron 29 (Johnson, 1992). The correlation of this warming trend I
with the warming pulse deduced from the oxygen isotope record in high

southern latitudes remains tentative at present. 3
I
I
I
I
I
I
I
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I APPENDIX I

TAXONOMYI
Different levels of taxonomic identificatation were possible depending

on preservation. In the data tables (Appendix II) the highest taxonomic

resolution achieved is given for each sample: in well preserved samples most

taxa could be identified at the species level, whereas in many moderately to

poorly preserved samples only generic identification was possible in certain

taxa. When identification at the species level could not be maintained in all

samples it was necessary to group species at the generic level for comparison

between samples and between sections. The following is a list of the species

identified in this study; included are discussions of the grouping of taxa for

inter-sample comparison.

U Ahmuellerella octoradiata (Gorka, 1957) Reinhardt (1964)

Angulofenestrellithus snyderi Bukry (1969)

Arkhangelskiella cymbiformis Vekshina (1959)

A.. specillata Vekshina (1959): In poorly preserved samples it was not always

I possible to differentiate between A. cymbiformis and A. specillat

because the pores in the central area were covered due to

recrystallization. (see also comments under Broinsonia enormis).

Biantholithus sparsus Bramlette and Martini, 1964

f iBiscutum Black in Black and Barnes, 1959

BL.boletum Wind and Wise in Wise and Wind (1977)

DB_. constans (Gorka, 1957) Black, 1967: In this study D. constans and B.I cagjjju are considered synonymous. According to Perch-Nielsen

(1968) BD. constans has priority over BD. testudinarium Black (1959) which

is a younger synonym. Biscutumconstans and B. castrorum are

considered synonyms (following Noel, 1970), although some researchers

indicate that these may be indeed two distinct genera, based on coccolith

size and number of marginal elements (Perch-Nielsen, 1968) or on

coccolith size and the construction of the central area (Romein, 1979).

According to Romein (1979) the elements of the proximal shield extend
into and close the central area in D3. castrorum, whereas in B.. constans

the central area is filled with granular elements which are clearly

separate from the shield elements. The light microscope expression of

I
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these two types of construction is not demonstrated satifactorily: in B.

castrorum the entire central area is birefringent (Romein, 1979; pl. 9,

fig. 1), but no light microscope picture was supplied of B. constans.

Pospichal (1991; pl. 2. fig. 1-2 and pl. 3, fig. 3) gave light microscope

illustrations of both species: the central area of B. castrorum is

completely bright in cross-polarized light, whereas only a narrow
birefringent ring lines the central area in D. constans. No electron

microscope pictures of the proximal sides of these two forms were

provided so that the the correspondence of the light-microscope

pictures to the ultra structure as described by Romein (1979) is still

unproven. In my investigations both of the forms illustrated by
Pospichal (1991) as B. castrorum and as E. constans were encountered;

both were recorded as DB. constans because I interpreted the forms with

a birefringent ring in the central area as incomplete (broken) I
specimens of those with a completely birefringent area.

coronum Wind and Wise in Wise and Wind (1977): The species illustrated by

Bralower and Siesser (1992: pl. 1, figs. 23, 24) is not included with B.

coronum in this study, but would probably by classified as B. constans.

. dissimilis Wind and Wise in Wise and Wind (1977)

. magnm Wind and Wise in Wise and Wind (1977)

Biscutum sp. cf. B. magnum: This species is very similar to B. magnum except

that its margin is much narrower than typical specimens of this

species. I
B. nogalu Wind and Wise in Wise and Wind (1977)

iiscun sp. I (Pospichal and Bralower; 1992; p1.3 , fig. 1-2): This taxon is

common in all sections studied. It is smaller than other species of this
genus observed in this investigation (with the exception of B.

notaculumi). In normal light a ring of high relief surrounds the central
area; this ring is bright in cross polarized light. Biscutum sp. I differs

from BD. constans in having a fairly narrow margin (the diameter of the

central area is bigger than the width of the margin).

Biscutumn sp. 2 This species is characterized by a narrow margin and a cross I
like (?) structure spanning the central opening. It was only observed in

Hole 690C. I
Braarudosphaera bigelowii (Gran and Braarud, 1935) Deflandre. 1947

I
I
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I ar.&s.oaia Bukry, 1969: This genus differs from Arkhangelskiella in the

presence of a second, outer, narrow marginal cycle on the distal side

(Bukry, 1969). This cycle is clearly visible only in well preserved

material. In moderately and poorly preserved material the outer3 marginal cycle cannot be distinguished in most cases. Bralower and

Siesser (1992) used the presence/absence of pores as well as the3 extinction pattern of the central area to distinguish between
Arkhangelskiella and Broinsonia. This practice is not adopted here

since observations in well preserved material (where Broinsonia can be

recognized based on the outer marginal cycle) indicate that both of

these characteristics are very variable and do not allow consistent

I differentiation between the genera.

o.in n bevieri Bukry, 19693�B..winsa.enormis (Shumenko, 1969) Manivit (1971): In size and in ratio of
margin to central area this species is very similar to Arkhangelskiella

3 ~cymbiformis. In many cases it was impossible to determine whether the
margin consisted of one or of two cycles; A&. cymbiformis and B. enormis

were then recorded as one taxon.

-BrQoi zar.a (Stradner, 1963) Bukry, 1969: Because of the small size of the

central area this species could be identified consistently.
I o,..abarbata Wind and Wise in Wise and Wind, 1977

Ceratolithoides aculeus (Stradner, 1961) Prins and Sissingh in .Sissingh, 1977

C.. kamptneri Bramlette and Martini, 1964

Ceratolithoides sp. 1: This form has broad, parallel arms that touch each other

in many specimens. It is not clear whether these forms are

recrystallized specimens of C. kamptpi or of C. aculeus, or whether

they represent a separate taxon.

bi~aaoz.y~gj Gartner, 1968

C£. ampbiQns (Bramlette and Martini, 1964) Gartner, 1968: This species has a3 fairly wide margin which does not display sharp extinction lines in

cross-polarized light. The central X consists of arms that are as wide as3 the margin; under cross-polarized light the arms are divided

lengthwise.

C_. garr.i.onii Bukry, 1969: A small square is visible at the central juncture of

the arms; it is interpreted as the base of a central stem which in most
* cases is not preserved.
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Chiastozygus sp. 1: This taxon is characterized by a narrow margin (compared

to C. amphipons); in cross polarized light well defined, strongly curved

extinction lines occur in the margin. The central crossbars do not

intersect at one point, but rather form a distorted H. This species differs

from C. amphipons. in having a narrower margin, in the extinction I
pattern of the margin, and in the fact that in C. amphipons the central

crossbars form a perfect X. This form differs from C. garrisonii in

lacking an opening at the intersection point of the crossbars.

Corollithion? completum Perch-Nielsen, 1973

Corollithion exiguum Stradner, 1961

Cretarhabdus Bramlette and Martini, 1964: The distinction between C. conicus,

C. crenuiatus,. fl. surirellus, and Cretarhabdus sp. I is based on the

construction of the central area. Species identification was thus not

possible when the central area was incompletely preserved. On the

other hand, identification of C. angustiforatus and of C. schizobrachiatus

was still possible when most of the central area was missing: the points

where the central arms were connected to the margin were still

recognizable. Species identification was possible because of the

characteristic number (eight in C.. angustiforatus) and position (groups

of three in C_. schizobrachiatus) of these points on the margin. Thus, the

forms included in this group are mostly C. conicus, C. crenulatus, C.

surirellus and Cretarhabdus sp. 1. Because distinction between these

species was so dependent on preservation, these four species and

Cretarhabdus spp. were added and treated as one taxon for plotting

purposes.

CreCtarhabdus angustiforatus (Black, 1971) Bukry, 1973: A species of

Cretarhabdus with eight radial arms in the central area: four longer

arms are aligned with the ellipse; the other four arms are somwhat

shorter and lie at an angle of about 450 to the ellipse axes.

C. conicus Bramlette and Martini, 1964: Included in this species are forms with I
more than one row of central perforations (as explicitly stated by

Bukry, 1969), i.e. the central area appears to be covered by a porous I
grid. Cretarhabdus conicus may have a central cross aligned with the

ellipse axes.

C. rcn.aus Bramlctte and Martini, 1964: Like C. surireilus, this species has

only one row of openings in the central area, i.e. its central area
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appears to be spanned by short buttresses/rods. The relative size of the

central area was used to distinguish C. crenulatus from C. surirellus. In

c2. crenulatus the diameter of the central area is smaller than or equal to

the width of the margin (measured along the short ellipse axis). In C.

Ssurrluthe diameter of the central area is larger than thewidth of

the margin.

C.. schizobrachiatus (Gartner, 1968) Bukry, 1969

C.. surirellus (Deflandre, 1964), Reinhardt, 1970: see comments under C.
crenulatus

Cretarhabdus sp. 1: This species is characterized by numerous pores in the

central area (similar to the central area of C. ehrenbergii), but with a3 margin typical of Cretarhabdus. It was observed in the Millers Ferry

section, in Hole 690C and in Hole 761C.3 Cribrosphaerella? d._iae Perch-Nielsen, 1973

Cribrosphaerella ehrenbergii (Arkhangelskii, 1912) Deflandre in Piveteau,3 1952: Included in this species are elliptical, triangular, as well as almost

circular morphotypes.
Cruciplacoli thus Hay and Mohler in Hay et al, 1967: Rare representatives of

this genus have been observed in the uppermost Maestrichtian samples

in Hole 690C where they are considered to be contamination due to

3 bioturbation.

Cyclagelosphaera alta Perch-Nielsen, 1979a

_Q..rzgeTei4 Noel, 1965

C.. reinhardtii (Perch-Nielsen, 1968) Romein, 1977

Cyclagelosphaera sp. 1: In size and extinction pattern this species is similar to

C.. marg.relii but in brightfield 4 or 5 ridges are visible radiating from

the center of the coccolith and extending about halfway to its

periphery.

£ylindralithus Bramlette and Martini, 1964

3 2C. biarcus Bukry, 1969

C_. galicus (Stradner, 1963) Bramlette and Martini, 1964: Round and ellipticalU morphotypes were observed.

C_. serratus Bramlette and Martini, 1964: Included in this species arc all

specimens that have a narrow margin in comparison to C. gallicus.

Cylind.rallhulas sp. 1: This form consists of wide, thick, numerous, strongly
overlapping elements. It is distinguished from C. gallicus by having

I
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more numerous elements, from -C. serratus by being thicker. In cross

polarized light this forms is highly birefringent, blue and orange

interference colors are characteristic. Monechi (1985, pl. 2, figs. 6, 10A,

1OB) illustrated this form as Cylindralithus sp.

Discorhabdus ignotus (Gorka, 1957) Perch-Nielsen, 1968 I
Eiffe.li.hsa parallelus Perch-Nielsen, 1973

E,. trabeculatus (Gorka, 1957) Reinhardt and Gorka (1967)

E. turriseiffeli (Deflandre in Deflandre and Fert, 1954) Reinhardt (1965): The

size variation within this species is considerable, but continuous.

Ericnia Black, 1964

Ericsonia sp.: Included in this taxon are cirular forms with a large central

opening with white to light yellow interference colors.

Gartnerago Bukry, 1969

Gartnerago spp.: Thierstein (1974) used the number and arrangement of pores 3
in the central area to distinguish between Q_. segmentatus, G. obliquum.

and CL. segmentatum, but he reports that the pores get easily obliterated 3
as a consequence of recrystallization. This observation is corroborated

in this study. As a consequence it was not possible here to differentiate 3
between different species.

Glaukolithus fessus (Stover, 1966) Perch-Nielsen, 1968

Hexalithus Gardet, 1955: Forms with six and with eight rays were observed.

Hornibrookina Edwards, 1973

Kamptnerius magnificus Deflandre, 1959: Included in this species are also the

perforated forms (K. punctatus) that were occasionally encountered.

Lalpide.as.a.. Black, 1971 spp indet: Due to fragmentation rigorous and 3
consistent species identification was impossible in this genus.

Llikastrinus Stradner, 1962 3
Llitastrinuis spp.: I have assigned to this genus small circular forms that

usually have high interference colors (orange-red).

Liktapjl2hiJitescarniolensis Deflandre, 1963 I
L. grossopectinatus Bukry, 1969

Lithral~hidi±es sp. cf. L. kennethii Perch-Nielsen, 1984: Specimens included in 3
this taxon are almost as wide as they are long, resembling L. quadratus

that has been reduced to about half its length without changing the

width.

L. pgua rat-u Roth, 1978 3

I
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I L. gu•ad (Bramlette and Martini, 1964) Roth, 1978

Lithraphidites (?) sp. 1: This form is tentatively assigned to Lithraphidites.

Under the light-microscope it consists of two parallel rods which

overlap for about one third of their length. The overlapping portions

are somewhat thicker than the parts that form the two tips of this form.
Lucianorhabdus cayeuxii Deflandre (1959): Acuturris scotus is also included in3 this taxon. Both taxa occurred mostly as fragments which made

consistent species identification impossible.

Manivitella pernmatoidea (Deflandre ex Manivit, 1965) Thierstein, 1971

I ,Markaliu ap..rt Perch-Nielsen, 1979

M. inversus (Deflandre in Deflandre and Fert, 1954) Bramlette and Martini,

* 1964

Microrhabdulus decoratus Deflandre, 1959

5 1. kegkics Hay and Towe, 1963

Miculalmurus (Martini, 1961) Bukry 1973

hi. praemurus (Bukry, 1973) Stradner and Steinmetz, 1984

Micula sp. cf. M. prinsii Perch-Nielsen, 1979: Micula prinsii s. str. is

characterized by curved arms with a delicate, terminal bifurcation that

tends to recrystallize and overgrow. Specimens with long, curved arms

were observed, but the characteristic bifurcation at the tips of the arms5 was absent. In some cases the tips of the arms were thickened and of

higher birefringence than the remainder of the nannofossil, possiblyU due to recrystallization of the delicate terminal bifurcation.

14. stau.rophoa (Gardet, 1955) Stradner, 1963

Micula? sp.: Pospichal and Bralower (1992, pl. 4, figs. 7, 8) illustrate this

species: the fact that it consists of four crystals and its extinction
pattern suggest that it belongs to the genus Micula. The triangular

outline of this form is unusual for Micula. It was encountered only at

mid and low latitudes, its stratigraphic range is the uppermost3 Maestrichtian (approximately the M___. murus Zone).

Misceomarginatus Wind and Wise in Wise and Wind, 1977

Misceomarginatus pkleniporua Wind and Wise in Wise and Wind, 1977: Species

identification of Misceomarginatus and of Monomarginatus was not

consistently possible due to susceptibility of these species to dissolution

and rtcrystallization. For plotting purposes species from both genera
were added together.

I
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SWdnWen iad n,

Monomarginatus Wind and Wise in Wise and Wind, 1977
Monomarginatuspect~a~inaus Wind and Wise in Wise and Wind, 1977

M_.. u at.rnarjii Wind and Wise in Wise and Wind, 1977

Neocrepidolithus Romein, 1979 spp indet.: Included here are all species of

Neocrepidolithus that were encountered in the immediate vicinity of

the K/P boundary (e.g. N. crassus, N. cruciatus, etc). Never included is N.

watkinsii. 3
Neocrepidolithus watkinsii Pospichal and Wise, 1990

Nephrolithus frequens Gorka, 1957: Frequently specimens were observed with 3
a highly birefringent crystal in the center of the distal side of the

coccolith. It is possible that this bright spot was caused by a piece of

calcite debris lying on top of the nannofossils; this is improbable

considering ihat the "bright spot" occurred consistently in the center

of the central area. Alternatively, the "bright spot" could be the 3
expression of a genuine structural feature, like a knob or short stem,

similar to the stems observed in N. corystus. Watkins (1992: pl. 4, fig. 1) 3
has indeed illustrated N. frequens with a short stem in material from the

Kerguelen Plateau. 3
N. corystus Wind, 1983

Octocyclus magnus Black, 1972

Parhabdolithus sp. cf. P-. embergeri (Noel, 1958) Stradner, 1963: Specimens

included in this taxon differ from P. embergeri in lacking a clear

bipartition of the transverse bar, which is usually massive and diamond 5
shaped. The specimens are virtually always very recrystallized, with

high relief, outline of individual elements never discernible, and high I
interference colors (red, blue). The openings in the central area are

often completely closed due to overgrowth.

Parhabdolithus regularis (Gorka, 1957) Bukry, 1969

Perviithusaraus Crux, 1981: This species occurs very rarely in the upper

Maestrichtian (N. f Zone) in Hole 690C and upper Maestrichtian

hi. mturus Zone in Hole 217. This extends the range origina!ly assigned to

this species (Santonian to Campanian; Crux, 1981) into the upper

Maestrichtian.

Petrarhabdus copulatus (Deflandre, 1959) Wind and Wise in Wise (1983):

Phanulithus obscurus (Deflandre, 1959) Wind and Wise in Wise and Wind

(1977)
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I ~.i.a,..g.us fibuliformis (Reinhardt, 1964) Hoffmann, 1970

P. bussonii Perch-Nielsen, 1968

P.. sigmoides (Bramlette and Sullivan, 1961) Romein, 1979

Placozygus sp: This species was illustrated by Pospichal and Bralower (1992, pl.3 4, figs 11-12) as Zygodiscus. sp. The basal plate and the flange (sensu

Aubry, 1988) of this form are usually present, the transverse bar in3 virtually all cases absent. The basal plate is quite narrow. The flange is

always well developed and consists of strongly overlapping, distally

flaring elements. The sutures in this cycle are easily discernible under

the light micsroscope (bright field). In many forms it appears as if an

additional cycle is present in the central area, adjacent to the basal plate

and the flange, usually extending all the way around. The provenance

of this cycle is unclear: it may either correspond to the blocky elements5 at the junction of transverse bar and basal plate in P. sigmoides, or may

be an artifact of recrystallization and overgrowth of the basal plate3 extending into the central opening. The size of this species is quite

variable; it is fairly common in the Maestrichtian at middle and low

latitudes.
Prediscosphaera arkhangelskyi (Reinhardt, 1965) Perch-Nielsen, 1984

P. cretacea (Arkhangelsky, 1912) Gartner, 1968: Considerable size variation is

conspicuous within this species. It did not appear, however, that distinct

size classes justify the separation of subspecies, or morphotypes. A3 quantitative study may be necessary to investigate this isssue. Round

morphotypes of Prediscosphaera were included in this species.

P.. gradij Perch-Nielsen, 1979

P.. spinosa (Bramlette and Martini, 1964) Gartner, 1968

P. stoveri (Perch-Nielsen, 1968) Shafik and Stradner, 1971

Rriaius tenuiculurn (Okada and Thierstein, 1979) Perch-Nielsen, 1984

PyktospJaerafiihi. Pospichal and Wise, 1990: The perforate inner central1 area of this species is elliptical and has a granulate appearance in cross

polarized light. Some specimens were encountered in which the

* perforate part of the central area was extremely narrow.

Quadrun garji Prins and Perch-Nielsen in Manivit et al, 1977

Q. trifidurr (Stradner in Stradner and Papp, 1961) Prins and Perch-Niclsen in

Manivit et al, 1977

Reinhardtit= aff. anthophorus Prins and Sissingh in Sissingh. 1977

I
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R. levis Prins and Sissingh in Sissingh, 1977

R godiscus Reinhardt, 1967

R i nnustus (Stradner, 1963) Reinhardt, 1971

R. reniformis Perch-Nielsen, 1973

. splendens (Deflandre, 1953) Verbeek, 1977

Rhagodiscus sp. 1: This species is characterized by an extremely narrow

central area.

Rhombolithion rhombicum (Stradner and Adamiker, 1966) Black, 1973

Rucinolithus h__yi Stover, 1966

Scampanella Forchheimer and Stradner, 1973

S. asymmetrica Perch-Nielsen, 1977

S_. wisei Perch-Nielsen in Perch-Nielsen and Franz, 1977

Scapholithus fossilis Deflandre in Deflandre and Fert, 1954 n
Staurolithites laffiti Caratini, 1963

Stephanolithion Deflandre, 1939 spp indet.: Different species of this genus are

recognized based on the number of central spokes and peripheral

knobs. In less than well preserved material the central spokes are

unrecognizable and the knobs on the outside of the nannofossil are

partly dissolved. The consistent recognition of species was therefore

impossible.

Tegumenturn stradneri Thierstein in Roth and Thierstein, 1972

Teichorhabdus ethmos Wind and -Wise in Wise and Wind, 1977

Tetrapodorhabdus decorus (Deflandre in Deflandre and Fert, 1954) Wind and m

Wise in Wise and Wind, 1977

Thoracosphaera Kamptner, 1927 spp: included are 1. operculata, 1. saxea

Tranolithus j macJoae (Bukry, 1969) Perch-Nielsen, 1984: includes T. minimus

Tranolithuspabhacelosus Stover, 1966

Vagalapilla Bukry, 1969

W.aL ia. . barnesae (Black in Black and Barnes, 1959) Perch-Nielsen, 1968

K. bip2orta Bukry, 1969

Z._ygodiiacompactus Bukry, 1969

Z. diplogrammus (Deflandre in Deflandre and Fert, 1954) Gartner, 1968 3
Z. lacunatus Gartner, 1968

Zygodiscus sp. 1: This is a small form of Zygodiscus? with a cross aligned with

the ellipse axes spanning the central opening. Under the light
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I microscope a small dark spot at the intersection of the cross arms is a

* very distinct feature.

I
I
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APPENDIX II

DATA3

The counting results are listed in the following tables. The following

abbreviations are used:

Preservation: G - good

M - moderate

P - poor

PP- very poor

Abundance: A abundant

C common 3
R - rare

Carbonate content: n.d. - not determined N
An asterisk (*) or a 'P' in the data tables indicates that this taxon was observed I
at this level during the additional scanning after the counts were performed.

I
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Sample Number 1 2 3 4 5 6 7 9

ODP Hole 690C 690C 690C 690C 690C 690C 690C 690C 690C 6901C
Core -Section15 154 14 15 15 154 54 14 14
CM - level 38 41 43.5 47 50 53 56.5w 56.5b 60.5
Depth (mbsf) 247.78 247.81 247.835 247.87 247.9 247.93 247.965 247.965 248.005
Sedimentation raze (m/m.y.) 1,04 13.2 13.2 13.2 13.2 13.2 13.2 13.2 1312
AV~ (Ma) 66.390 66.402 66.403 66.406 66.408 66.411 66.413 66.413 66.416
Preservation (G. M. P) NI-P M NI M N4 MI M-P I NI
Abundance (A.C. R) C-A A A A A A A C-A AIFields cunted 153.9 09.2 34 174 33 32 1s 21 67
Sedimentused for slide (mg) 20.1 19.5 19.9 19.1 19.7 18.4 19.1 13.8 19.9
Carbonat contwent(wt-%) 49.8 48.2 51.5 56.2 67.9 79.5 81.8 83.1
Beaker Cnstat 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

AhmueilcetLla octoradiaza (and P. regularis) . 1 4 8 4 4 8 3 6

3Biantholidius sparsus . P . P P .

Biscutum boletum . . . . .

B.oconstan: 45 16 5 25 6 P . 1 2

B. coronum1 B. dissimiLs
B. magnum
B. notaculum
Biscutum up. I
Biscutum sp. 2I ~ ~~Broinsonia sp. cf. B. bevien . . .

Brounssma spp. . . . . .

Centosphaera barbata . . . . .

Chiastozygus amphapons . . . . .I ~ ~~C. garrisonji . . .

chiastozygus up. I . . . .

Cinarhabdus conjius . . . I .

C. CrunuzlAzuS . . . .

C. surirellus
Creiarhabdus sp. I~

Cribrosphaeretlh(7) daniac 7 to 9 26 7 S 16 9 14
Cribrosphaerella chrnbergii5 2 2 1
Ctumpapolithus spp.

Cylindralithus spp.
Discorhabdus ignowusI ~ ~Eiffe~iuhus irabeculalus . .

E turriseiffeli I P 1 3 2 P 3 I 6
Guinerago spp. 1 1 2 1 1 1 3
Glaukoidwus fessus 3 2 4 9 4 1 5 1 8IHomnibrookins, pp. 3 . . P 1
Kamnpnerius magnificus 40 13 15 40 21 IS 10 14 27
L.apideacassis spp. . . . .

Udirapidites caxn-olensis
Lnecianohabdus cayeuxii 23 6 2 26 10 12 15 8 38
Matkaliuu inersus 5 4 3 13 2
Mfioroahabdulus docoratus . . . . .

Mfiazia stanvophora 6 1 . I . . .

Mfiscoomarginmus pleniponis . . . . .N Miweomariuus up.
Nioonargnsuspedtinatiw.

M.quaterTaiuus
Monomarginatus up.
Misceomarginazus/Monomarginatussp
Noocrepidofithus watkinuii
Neocrepidolifths pp. 18 5 2 12 2 PI
Nephroliihus corystus
N. frequens 79 33 42 156 5I 51 79 58 137

Phanulithus obscunrs
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Sample Number I 2 3 4 5 6 7 9 9

ODP Hole 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C
Core - Section 15-4 15-4 15-4 15-4 15-4 15-4 15-4 15-4 15-4 I
cm - level 38 41 43.5 47 50 53 56.5w 56.Sb 60-5

Depth (mbsf) 247.78 247.81 247.835 247.87 247.9 247.93 247.965 247.965 249.005

Placozygus hussonii .

P. fibuliformis I P P
P. sigmoides 52 19 9 so 5 1 1 16 5
PLacozygus sp.
Predscosphaun arkhangelskyi
P.ea 36 20 29 65 19 18 19 is 35

P.spmosa 2 2 14 1 P 6 4 4ps,/,•sptuiers finotd
Quadrmmgrur
Reihrdie spp.

Rhagodiscus angustus
Rhagodiscus p.

Rhombolittion rhombicum
Scampanella ase ymmetric&

ScampaneUa spp.

Scapholithus fossilis
Stauroithites laffittei
Teidiorhabdus ethmos
Thoracosphaera spp. 16 3 44
Vagalapilla spp. 1 8 3
Watmauenia banesse

Zygodiscus compactus

7- diplogrammus
Unideriifiable 6 5 4 to 5 5 5 3 9

Total (exclusive of P. stoveri): 383 174 153 625 169 150 186 162 353

Prediscosphacra stoveri 366 148 190 187 192 199 169 178 518 1
Total ofP. stoven - count(s) 750 322 343 345 361 351 355 340 871
P. stoveri. fields 153.9 99.2 34 42 33 32 Is 28 67 I

I
I
I
I
I
I

It
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Sample Number 10 11 12 13 14 15 16 17 18 19 20 21
Hole 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C
Core - Section 15-4 15-4 15-4 15-4 15-4 15-4 15-4 15-4 15-4 15-4 15-4 15-4
cn - level 62 64 67 70 73 76 79 82.5 85 88 92 95
Depth (mbsf) 248.02 248.04 248.07 248.1 248.13 248.16 248.19 248225 248.25 248.23 248.32 248.35Sed. rate (m/m-y.) 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2
Age (Ma ll) 66.417 66.A19 66.421 66.423 66.426 66,428 66.430 66,433 66.435 66,437 66.440 66.442
PIs. (G. M. P) M M M M M-G M M-G PP P-M M M-P M-G

Abund. (A. C, R) A A A A A A A C C-R A A-C A-C
Fields counsied 22 25 23 25 24 21 19 49 46 19 42 34
mg sediment 20.4 19.7 21.6 19.5 22.1 20.4 19.2 19.8 18.4 19.7 19.4 18.9
CArbonate (wt-%) 83.7 83.3 81.3 87.5 82.3 86.1 85 83.8 79.8 84.4 87 88.9
Beaker •Cnstamt 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0A. octoradista 1 2 6 4 5 2 1 2 2 3
Acymbifornis 15 19 16 18 20 10 7 17 21 8 18 9
A. cymbifjspecill.
A. pecilat - . . .

B. Spaum
B. boletum
B.comstans 2 2 1 1 P 2
B. coronum
B. dissimilis
B. magnum

B. notaculum
Biscutum sp. 1
Biscutum sp. 2
B. cf bevie.i

Bmrinsomia spp.
C. bar1 22a

C. garwrs1 .

CFh. azagus sp. I

CGOJazu bq spp. 6 1 2 15 2 5 2 4 12 5 2
C. dafiue 12 16 7 7 6 9 1 p 6 5
C. chnmbargii 1 8 5 1 2 5 9 4 1 2 1
CLciplacoliahus spp. pCycaelosph,. spp.

I Cylindraliuis spp.D. ignotus

E. tuaiseyffeli 1 1 4 6 5 3 1 6 2 2
.Gatnen•o spp. 1 2 3 32 P 2

MG.dfesrus 1 2 9 4 6 2 1 P 6
Ho3nibrookia spp. I P
K. lagnifp s 23 6 is 20 25 16 17 19 21 25 12 11
Mpideacassis spp.
L camidolensis
L catyaxii 17 14 19 21 29 9 19 21 49 37 39 23

M. inversus 1 3
M. decoritus

Nfei n Lwg. sp.

N. watidnsii

NeocrepdoL spp.
N. corystus
N.f equau 65 40 70 59 45 73 66 43 41 42 33 46
0. magnus3 P. obscures
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Sample Number 10 11 12 13 14 15 16 17 18 19 20 21
Hole 69CC 690C 690C 69CC 690C 690C 690C 690C 690C 69CC 690C 69•C
ca - Section 15-4 15-4 15-4 15-4 15-4 15-4 15-4 15-4 15-4 15-4 15-4 15-4
cmn- level 62 64 67 70 73 76 79 82.5 85 88 92 95
Depth (mbsf) 248.02 248.04 243.07 248.1 248.13 248.16 248.19 243.225 248.25 248.28 248.32 248.35
P. bussomi
P. fibuliformis P 3
P. sigmoide3 I3
Plaozygus sp.
P. axkhangeskyi . . . . . . .

P.cxeaacea 20 26 23 21 17 19 26 14 19 24 17 17
P. spqosa 1 1 3 2 1 6 2 2 4 2

p. fi •"
Q. gartnmr
Rebiidtites spp.
IL migstus. . . . . .

R. rhobicu
S. asymmetric&-

S. wisei 2
Scampoaxla spp.
S. fossilis
S. laffittei
T. edimos I
Thomoasph ,spp 2 2 2
Vagalapilla spp. I 2 1 4 7 1 2 1 3

W. banesac

7-. diplogrammus
Unidengifiable 1 4 4 4 5 2 1 7 3 5 6 4

Total (excl. P. stov.) 173 133 205 187 160 174 177 140 188 184 151 148

P. stoveri 175 205 226 189 178 215 148 175 158 160 174 171 I
Total (P. stov.count) 348 338 431 376 338 389 325 315 346 344 325 319
P. stoveui, fields 22 25 23 25 24 21 19 49 46 19 42 34 I

I
I
I
I
I
I
I
I



235

Sample Number 22 23 24 25 26 27 28 29 30 31 32 33
Hole 69CC 690C 690C 690C 690C 690C 69CC 690C 690C 690C 690C 690C
Cor - Section 15-4 15-4 15-4 15-4 15-4 154 154 154 15-4 15-4 154 15-5
cm-level 98 100-101 103-104 106-107 110-111 113-114 118 121 129 140 149 3
Depth (mbsf) 241.38 2494 241.43 241.46 248.5 248.53 248.58 241.61 248.69 248.8 248.89 241.93Sed. rate (M/m.y.) 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13-2 13.2 13.2 13.2
Age (Ma) 66.445 66.446 66.448 66.451 66.454 66.456 66.460 66.462 66.468 66.476 66.483 6&.4t6
Pies (G, M. P) M M M-P M-P M M-G M M-P M-P PP PP M-P
Abund. (A, C, R) A-C A A C-A C-A A A A A R-C R-C A

Fields counted 47 43 30 47 36 16 34 103.7 44 232.3 101 113
mg sedimet 20.1 19.3 20.4 18.7 19.5 19.2 18.9 19.1 18.2 18.2 20.4 20.0
Cifl1ate (Wt-%) 85.9 16.9 90.2 88.3 86.2 84.9 87.7 86.2 84.8 83.2 81.8 83.8
Beaker Constant 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0A. octoradiata. 1 5 1 1 P 2 2 1 9

A.cymbifornms 24 24 6 13 22 14 13 54 15 63 30 20
A. cymbifjspecill.
A. specilla-,-
B. sparsus
B. boletum
B. c• ans ts I P P 1 1

B. crnumr
B. dassimilis
B. magnum
B. noaculum
Bisculum sp. 1
Biscatum sp. 2
B. cf bevieri
Broinonia spp.

S~C. barbara

C. amphipons
C. garrisoni
Chiansozygus sp. I
C. conicus
C. crenulaaus
C. suirellus .
Cyotwhabdus up. I
Cutwhabdusspp. 7 9 5 4 12 5 3 23 4 22 7 26
C. dniae 6 8 12 8 6 10 5 10 3 5 4 17
C. ehurenbergii 3 5 3 4 1 5 1 14 3 1 2 22
Cruciplacolithus spp.
Cyclagelosph. spp.

I Cylindnalithu$ spp.

D. ignotus
E. trabeculatus
E. tuniseiffeli 2 1 3 1 3 P 1 7
Gatnerago spp. 4 P I 4 I 1 3 2 4 1 2
G. fessts I 1 8 I 5 1 2 1 17Homtibrookina, spp. p I p

K. magnificus 19 16 10 21 14 20 16 81 30 74 21 37
Lapideacassas spp.
L caruolensis

L Lcayarxii 45 46 25 58 53 19 43 85 47 131 63 63
M. nversus I iK. dworastu

K staurophora . 2 1 . . 3 6 .

K pleniporus. . . . . . .

fisceo/Monomg sp.
N. wN a diu .sii
Neoczepdol. app.. . . . .N. oorystus
N. f•equeas 33 54 65 37 57 29 34 141 33 g8 35 125
O. magnus3 P. obscures

I
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Sample Number 22 23 24 25 26 27 28 29 30 31 32 33
Hole 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C
Cott - Sedion 15-4 15-4 15-4 15-4 15-4 15-4 15-4 15-4 15-4 15-4 15-4 15-5 I
cmn-level 98 100-101 103-104 106-107 110-111 113-114 118 121 129 140 149 3
Depth (mbsf) 241.38 248.4 248.43 248.46 248.5 248.53 248.58 248.61 248.69 248.8 248.89 248.93

P. bussocii
P. fibulifornis P . p 2 1 1 P
P. sigmoides ?
Placozygus sp.
P. arkhangelskyi
P.ea 28 17 22 21 24 22 14 68 22 60 21 61
P. spinosa 2 7 2 2 P P 2 2 26

p. fami
Q. guweis
Reihmosdite ..p.
R. anusu

Vagalapilla spp. P 2 O 2 P 2 9

Z diplopammus
Unidentifiable 3 3 5 8 3 10 4 21 3 13 6 16
Total (excl.P. stov.) 171 193 184 186 199 150 135 520 168 472 196 458

P. stovai 186 222 221 200 153 178 189 192 157 134 110 181 1

Total (P. stov.count) 357 415 405 386 352 328 324 345 325 301 306 312
P. stoveri, fields 47 43 30 47 36 16 34 44 44 80 101 34 I

I
U
U
U
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I Sample Number 34 35 36 37 38 39 40 41 42 43 44 45
Hole 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C
Core - Sedion 15-5 15-5 15-5 15-5 15-5 15-5 15-5 15-5 15-5 15-5 15-5 15-5
cm - level 11-12.0 22-23 31 39-40 49-50 60-61 70-71 79-80 90-91 101 110-111 120
Depth (mbsf) 249.01 249.12 249.21 249.29 249.39 249.5 249.6 249.69 249.8 249.91 250 250.1
Sed. rate (m/m.y.) 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2
Age (Ma) 66.492 66.501 66.507 66.514 66.521 66.529 66.537 66544 66.552 66.560 66.567 66.575
Res .(G. M, P) M M-G M-P M-G M-G M-G M M-P M-P M M-P M-P
Abund. (A, C, R) c A C A A A A C-R C A C-A A-C
Fields oxmied 175.2 22 86.9 51.7 32 30 30 97.6 99.2 97.2 119.8 76.5
mg sediment 20.7 18.9 19.4 20.0 20.6 20.2 19.9 18.4 19.5 20-5 19.4 18.9
Carona• e (wt-V.) 82.4 83.6 82.3 80 80.7 86.5 85.7 88.2 88.7 90 88.2 81.1
Beker Contat 3.0 3.0 3.0 3.0 3.0 3.0 3.0 2.7 3.0 3.0 3.0 3.0
A. octoradiaia 6 2 1 7 2 2 P 5 5 14 10
A.cymbiformis 83 13 33 28 22 24 19 21 22 30 31 38
A. cymbifjspecll.
K.peclata 

.B. sparms
B. boletum
B. congana
B. corom.n.
B. diusimilis
B. magnum

B. notaculum ?
Biscutum sp. I
Bisoxtum p.. 2
B. cf bevieri
Bminsonia spp.
C. barbzar
C. amphipons. . . . . . .

C. garisonii
Chiasozygu sp. I
C. conicus P p
C. cnrulatus .

C. surirellus
Cluada s sp. 1
Crstwhabdhsupp. 39 2 21 7 18 18 19 16 17 40 28
C. daiae 5 11 6 28 17 18 8 36 22 38 38 30
C. chre bergii 17 11 4 28 5 6 8 11 7 24 15 25C-rucpaceithus spp.
Cyclageiospl. spp.?

ICylindralithus spp.
D. ignosus
Etrubeculatus
E. tuiseiffeli P 5 4 4 5 2 5 1 5 10 22
G•trnago pp. 2 3 4 3 13 I1 6 2 5 4 3
G. fesws I 1 i 17 4 4 1 13 4 11 19 38Hornibrookina, Slp.P
K. magnificus 101 16 34 39 35 15 27 45 38 55 30 62
SLapideawas-as spp.
L cazniolmasis

L cayeuxni 132 14 74 77 46 55 72 107 120 120 91 98
KMinversus . . . . . . p
lt decoiuau I
M. taurophom 3 1 1 P 3 5 2 2 7 7 3 8
M. pleniporus
Maiceomarg. sp.

MK quaternaius

lfi•e/Monrg sp.
N. wadcinsi
NeocepidoL spp.
N. corysama
N. fiequens 141 77 64 124 74 101 98 202 110 178 152 146
0. magnus3 P. obscures

I
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Sample Number 34 35 36 37 38 39 40 41 42 43 44 45
Hole 690C 690C 69WC 690C 690C 690C 690C 690C 690C 690C 690C 690C
Core - Section 15-5 15-5 15-5 15-5 15-5 15-5 15-5 15-5 15-5 15-5 15-5 15-5
cm - level 11-12.0 22-23 31 39-40 49-50 60-61 70-71 79-80 90-91 101 110-111 120
Depth (mbsf) 249.01 249.12 249.21 249.29 249.39 249.5 249.6 249.69 249.8 249.91 250 250.1

P. bussonii
P. fibuliformis I . P 2 1 2 2 3 19 41
P sigmoides P I

P. arhaneWsky.i
P. e 80 37 27 71 46 42 35 75 63 70 66 58
P. sinosa 6 13 2 24 17 12 6 32 7 36 50 49
p. fil-iiP
Q. glafne.r
Reirar, dtita spp.
R. angtus~u
Rhgdscus qp
R. rhombictun
S. lym meutrica3
S. wisc pp

S. fosslis
S. laffittei
T. ethmm
• orhoR*o• ,pp.
vaplapina Epp. 1 36 2 3 2 76 23
W. bmn
Z. compactu
Z diplogrnmmu
Unidentifiable 15 3 4 10 5 4 4 20 II 13 22 11
Total (excl. P. stov.) 634 207 256 488 294 329 315 609 432 624 629 676

P. stovedi 297 172 145 166 188 314 269 189 151 176 220 254
Total (P. stov.count) 931 379 401 318 482 646 585 352 310 341 433 495
P. stovei. fwelds 101.4 22 86.9 17 32 30 30 30 43 30 32 30



3 239

Sample Number 46 47 41 49 50 51 52 53 54 55 56 57
Hole 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C
Core - Section 1S15- 5 15-5 15-.6 15-6 15-6 15- 6 15-6 15-6 15-6 15-6 15-6
cm - level 130-131 140-141 150 4.-5 10 20 30-31 40-41 50-51 59-60 70 80
Depth (mbsf) 25Q.2 250.3 250.4 250.44 250.5 250.6 250.7 250.8 250.9 250.99 251.1 251.2
Sed. rate (m/m.y.) 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2

Age (Ma) 66.592 66.590 66.598 66.601 66.605 66.613 66.620 66.628 66.635 66.642 66.651 66.658
Pies. (G. M, P) M M-P M M-P P M-0 G M-G M M M M-G
Abund. (A. C, R) A A-C A A C-A A A A A A A AIiields ounwgd d41 14 27 61.6 100 52.1 30 55.5 40.1 64.7 43.6 30
mg aedimA2 20.5 18.5 20.3 19.9 19.6 18.9 19.6 18.5 19.3 20.1 17.1 20.0
Carbonale (wt-%) 77.2 77.6 78.6 793 71.2 78.4 78.1 79 76.1 73.8 75.5 76.4
Beaker Consta 2.7 3.0 3.0 3.0 3.0 2.7 3.0 3.0 3.0 2.7 3.0 3.0
A. octoadiata 5 9 4 23 13 19 13 23 23 11 10 11
A.cymbifonlis 53 36 15 41 14 36 29 24 20 31 40 24

A. cymbifjapecl.

A.. .ldm

B. spu.

B.conuaans . ?

B. coronum
B. dissimilis
B. magnum

B. notaculum . . . . .

Biscutumatp. I
Biscutmn sp. 2
B. cf bevieri

Brouinonia spp.
C.brbara..

C. amphipoinsI C. galnsorti.
aiiamtzygus sp. I . . . . . ..

C. conicus . P P . . .-

C. cieumlatus. . . . . . . .
C. sutdrclus
Cetwhaldus sp. I
C. twhijlus spp. 21 40 9 23 23 16 12 1I 16 25 15 9

IC. danise 39 37 16 34 25 43 30 32 27 31 38 22

C. ehrbe 20 31 17. is 12 9 10 7 19 15 6 9
Ciuciplacolwis spp. .

Cydagelosph. app. 2
Cylindnliduis spp.
D. ignots
E. tabeculaus
F. tunfisciffeli 17 13 9 24 7 7 3 5 5 4 3 4

Gabierago spp.
G. fesus Is 30 12 42 20 41 16 35 38 25 1i 20
Honruooina s"pp.
K. magnifics 47 41 19 49 61 72 44 76 72 109 76 74
Lapideacasais spp.
L. camiolensis .

L cayeuxii 75 54 13 34 25 5 1 4 3 1 2 1
M.t invenus 1 2

?& M tarq10 5 17 4 6 10 1

SM.pleriporns
NMisceomm.8. sp.
M. pectinsus

MonoMug. sp. . . . . . .I N. quaidno s

Neocrysdol spp.
N. corys•63
N. fiquens 16 137 67124 9 156 8 0 2 1 6 141
O. magnus
P. obscures

I
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i
Sample Number 46 47 43 49 50 51 52 53 54 55 56 57
Hole 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C
core - Secion 15-5 15-5 15-5 15-6 15-6 15-6 15-6 15-6 15-6 .5-6 15-6 15-6
cnm - level 130-131 140-141 150 4.-5 10 20 30-31 40-41 50-51 59-60 70 80 i
Depth (mbsf) 250.2 250.3 250.4 250.4 250.5 250.6 250.7 250.8 250.9 250.99 251.1 251.2

P. busson.i
P. fibulifonnis 19 24 8 23 30 27 12 30 24 22 11 1i
P. SigmmideS . 1 1 2 1 1
Plmnzmu sp.
P. &zrmad•lqi
P. m 79 55 34 62 63 47 45 74 96 144 115 34
P. Rspm 35 42 26 73 11 45 31 40 40 33 26 17
P. firthi
Q. garmneai
Reinhardzites spp.
K angustus. . . . . . .I I
R. thombicum

S. asymmenrica.
S. wisei
Scampanlla spp. p
S. fossilis
S. laffiaci
T. ethmos
Thorn.si spp. 2 6 2 4
Vagalapi .a spp. 3 11 1 10 4 5 9 6 7 2 5 3
W. barne.
7. nmpaciu . . . .

7. diplogammus
Unidentifiable 9 21 12 19 33 19 12 is 20 19 11 11
Total (excl. P. stov.) 568 601 269 620 536 562 361 502 535 692 549 457

P. stoveri 424 233 139 222 187 314 293 352 413 313 354 423
Total (P. stov.oount) 829 474 410 462 329 644 659 602 802 567 715 335
P. atovesi, fields 30 30 27 30 35 30 30 30 30 30 30 30
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Sample Number 59 59 60 61 62 63 64 65 66 67 68 69
Hole 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C
CO - Section 15-6 15-6 15-6 15-6 15-6 15-6 15-6 15-7 15-7 15-7 15-CC 15-CC
cmi- level 90-91 101 110-111 120-121 130-131 140-141 149-150 10 20-21 30 1 19-20Depth (mbsf) 251.3 251.41 251-5 251.6 251.7 251.8 251.19 252 252.1 252.2 252.33 252-44
Sed. rute (m/m.y.) 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 7.5 7.5
Age (Ma) 66.666 66.674 66.611 66.6811 66.696 66.704 66.710 66,719 66.726 66.734 66.747 66.761
PeAt. (G, M, P) M-G M-G M M M M M-G M M M-P M M-G
Abund. (A, C, R) A A A-C A A A A A A C A A
Relds coumed 30 30 30 30 30 30 30 30 35.6 69.5 30 39.7
mg sediment 11.9 20.0 193 20.3 18.7 19.5 19.1 19.5 19.3 20.9 19.5 16.1
CArnte (wt-%) 71 83.2 13.6 80.4 82.6 84.5 85.9 86.9 86.9 89.1 87.2 88.4
Beaker Constant 3.0 3.0 3.0 3.0 3.0 3.0 3.0 2.7 3.0 3.0 2.7 2.7A. octoradiata 12 14 I! 9 17 2 12 3 10 20 14 I1A.ymbiformis 41 is 22 1 34 21 24 34 43 41 21 29

A. cymbifjspecill.
A. specilIa. 

.B. spar•us

B. co•
IB. c m

B. dissimilis

B. magnum

B. notaculum
Biscutum sp. 1
Biscutum sp. 2
B. cf bevieri
Bzoinsonia spp.
C. barbait
C.amphipons. ..

C. garsomi 1
C. cnius]••

C. cenulatus
C. sirirellus .

Cretarhabdussp.. I
Cretwlhabdus spp. 14 11 12 7 19 13 15 6 11 3 4 16

IC. daia 52 32 29 35 4,4 51 46 ,42 56 67 55 54

C. ehrenbergii 12 5 4 4 13 14 4 3 8 9 10 13
Cnzciplacolizhus spp.
Cyclagelosph. spp.
Cylindralithus spp.
D. ignotus
E. trabecuatusEA t ffli 8 3 1 3 3 5 7 20 16 20 5 I1

Gaznerago spp. 7 1 1 5 4 6 7 5 9 9 9 8
G. fessus 14 20 12 17 15 13 16 7 17 is 10 10
Hiomibrookna spp.
K. tugn ifius 90 39 60 68 78 64 86 76 75 90 74, 94

Lapideacassis spp.
L camniolensis

L cayeuxii 11 I p 5M. inversus
M. decoratusIII1

I M.~ staun*1tx 13. pleniponis
Misceomarg. sp.
Nt pecainatus
hi. quatemarius
Monomarg. sp.
Misceo/Monomg sp.
N. watkinsif

NeocrepidoL spp.
N. corystus
N. fr•quens 125 103 114 121 169 127 102 113 145 224 195 151O. magnus
P. obscues

I
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Sample Number 59 59 60 61 62 63 64 65 66 67 63 69
Hole 69C 69W 69WC 69WC 69WC 69WC 690C 690C 690C 690C 690C 690C
Cowt - Se.ion 15-6 15-6 15-6 15-6 15-6 15-6 15-6 15-7 15-7 15-7 15-CC 15-CC
cm-level 90-91 101 110-111 120-121 130-131 140-141 149-150 10 20-21 30 3 19-20
Depth (mbst) 251.3 251.41 251.5 251.6 251.7 251.8 251.89 252 252.1 252.2 252.33 252.44
P. buson.i.
P. fibuliformis 6 16 is 18 27 13 16 9 II 14 11 16
P. sigmoides I 3 4
Placozygus sp.
P. arhangelskyi
P. auacea 75 64 41 54 88 65 74 52 101 79 94 69
P. spmosa 30 2L 11 22 28 19 33 20 36 27 29 21

P. firthii
Q. gannai
Rebiwddtes app.
R. agusuis
Rhagodiscus spp.
RI dwmnbicnim

S. asymmetdica 7
S. wisci
Scampanella spp.
S. fossilis
S. laffittei
T. etnios P
ThoracospLh. spp. 3 4 2 1 1 2 2
Vagalapilla spp. 4 7 3 9 17 9 15 14 9 22 17 6
W. bamesae

7.c ompacius
Z7 diplogrammus
Unidentifiable 9 9 11 11 12 8 10 a 9 16 7 23
Total (excl. P. stov.) 500 370 351 408 571 431 473 414 561 665 559 538

P. Utovcn 495 574 557 614 810 691 758 817 1084 341 889 606
Total (P. sLov.count) 995 944 903 1022 1381 1122 1231 1231 1535 1072 1448 1014
P. stoveri, fields 30 30 .3o 30 30 30 30 30 30 30 30 30



1 243

I Sample Number 70 71 72 73 74 75 76 77 78 79 80 81
Hole 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C
Core - Section 16-1 16-1 16-1 16-1 16-1 16-1 16-1 16-1 16-3 16-4 17-1 17-3
cm - level 9.-0 21-22 30-31 40-41 50-51 59-60 70 100-101 20-21 80 31-32 29-30
Depth (mbsf) 252.59 252.71 252.8 252.9 253 253.09 253.2 253.5 255.7 257.8 262.11 265.09
Sed. rae (m/m.y.) 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5
Age (Ma) 66.781 66.797 66.309 66U23 66.536 66.548 66.563 66.902 67.195 67.475 68.049 68.446
PIs. (G, M. P) M-P P M-P M-P PP M-P M-G M M M M-P M-P
Ahund. (A, C, R) A R R-C A RR A A A A A A-C c
Fields couned 64.2 61.6 273.2 49.3 142.5 52.4 30 30 15.5 20-2 59.7 64.1
mg edimas 19.5 15.2 19.3 20.5 21.0 20.7 153 19.3 19.9 20.5 19.6 21.2
Carbona (wt-4) 87.4 85.3 55.3 91.6 91.1 93.2 15.2 91.4 92.1 87.1 58.2 59.7
Beaker ConsaanLt 2.7 3.0 2.7 2.7 3.0 2.7 3.0 3.0 2.7 2.7 2.7 2.7
A. ocorsala 6 5 4 3 19 34 1 2 1 1
A.cymbiformis 33 28 85 23 54 33 22 11 10 8 26 25

A. cymbiflspecill.
A. spedillaza. . . .

B. sparsus
B. boeumn
B. costn p 3

I 1B. oo-onmm

B. disdmilis

B. noaaculumi Biscutn sp. I

Biscutum, sp. 2
B. cf bevierfi

Broinsonia spp. 4
C. barbata. P P 1 I 2 4 3
C. amphipons
C. gardronii
Chijasozygus sp. I
C. conicus PC2. •c"MIM
C. Is-enius 1 2ICi habdus sp. I
CnarhalWs spp. 24 24 22 15 10 24 9 -19 12 24 24

iC. dad 40 57 19 49 9 26 35 30 47 33 16 1

C. ehrenbergii to 10 5 9 4 15 18 10 9 3 6 5
Cruciplacolithus spp.

Cydagelosph. spp.
Cylindralilbus spp.
D. ignotus
E trabeclau
E E.uriseiffeli 22 17 3 24 2 24 18 12 7 14 6iateao sop. 13 10 6 9 7 15 9 5 5 7 3 29

G. fesus II 15 10 7 2 14 3 13 9 14 3
Homibrookina spp.
K. magnificas 76 61 126 42 111 81 91 91 30 74 57 37
Lapideacasis spp.
L ca•niolesis
L cayeuxii 59 41 94 69 57 50 14 17 40 11 21 37
M. mvemus 1 I

iM. stamophora 1 1 6 1 2 1 1 1 12

M. plemporus
Misceomwrg. p. ? ?
NE petnaus.
K. qualanarius

Monomarg. sp.SMisceo/Monomg sp.
N. waikinsi.

Neocrepidol. spp.
N. corystus
N. frequems 164 132 76 183 79 155 129 101 85 174 88 43
0. magnus
P. obscures

I
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Sample Number 70 71 72 73 74 75 76 77 78 79 80 S1
Hole 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C
Core - Sctaion 16-1 16-I 16-1 16-1 16-I 16-I 16-1 16-1 16-3 16-4 17-I 17-3cm - level 9.-40 21-22 30-31 40-41 50-51 59-60 70 100-101 20-21 so 31-32 29-30
Depth (mbsf) 252.59 252.71 252.3 252.9 253 253.09 253.2 253.5 255.7 257.8 262.11 265.09
P. bus•ond I
P. fibulifonrjs 3 4 4 6 3 10 4 4 2 6 3
P. sigmoidsa 6 1
Placozygus sp. 1
P. abangelskyi .
P. Ca"M 75 69 35 53 11 92 59 30 53 23 30 28
P. sinoa 29 24 3 37 1 19 14 21 13 10 5 1P. fintm
Q. 9whnr
Rezlrwzdtitc spp.
R. angustus
Rhagodiscus spp.
R. hombicum
S. asymmetrica 

.
S. wisel
Scmpanq ela •pp.
S. fossilis

S. laffittei
T. ethmos P,.p p
Tboracosph. spp. 3 2I
Vagalapi Ispp. 6 13 2 20 I 16 9 11 8 14 7 2
W. barnesa.
_ compactus
7-. diplogrammus

Unidentifiable 17 34 15 10 19 16 20 10 15 5 6 2
Total (excl. P. stov.) 600 547 512 564 402 596 477 409 357 411 345 245

P. stoveri 293 308 281 437 79 588 1004 1066 622 677 461 111
Total (P. sLov.count) 631 544 793 780 481 932 1482 1476 979 1088 806 356
P. stoveri, fields 30 30 273.2 30 142.3 30 30 30 15.8 20.2 59.7 64.1
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Sample Number 82 83 84 85 86 87 88 89 90 91 92 93

Hole 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C
Core - Section 18-1 18-3 1i-5 19-1 19-3 19-6 19-7 20-1 20-1 20-1 20-1 20-2
cm -level 107-108 106 54 107 137 110-111 20-21 68-69 130 136 145 4.-5
Depth (mbsf) 272.47 275.46 277.94 282.17 285.47 289.7 290.3 291.48 292.1 292.16 292.25 292.34
Sed. rate (m/m.y.) 5.7 5.7 5.7 5.7 8.9 8.9 8.9 8.9 8.9 8.9 8.9 8.9
Age (Ma) 69.439 69.968 70.407 71.156 71.604 72.080 72.147 72.280 72.350 72.357 72.367 72.377
Pres (G. M, P) P-M PP M-P M M PP M M M-G M-G M-G M-G
Abund. (A. C, R) C-R C A-C C A R A A A A A A
Fields counted 65.9 24.6 40 54.9 20.2 23.7 20.6 23.3 29 35.1 59.7 36.4
mg sedimet 21.0 21.1 21.2 20.5 20A4 20.4 20.3 20.8 21.1 20.0 19.7 20.1
Carbonae (wt-%) 89.9 81.3 76.3 62.7 61.5 83.1 76.3 47.8 531 52.2 54.3 55.3
Beaker Cantant 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7
A. octortata I .1 26 36 25 42 58 64 53 51
A.xymbiformis 7 2 2 4 19 12 7
A. cymbif./specil.. 1 6
A. specillaza 4 1 2
B. sparsus
B. boleum 2 11

B. constans 4 4 10 8 2 3 10 13 3 2 10
B. coronum.
B. dissimilis 3 2 1 1 2

B. magnum 12 45 5 37 31 21 25 13 29
B. notaculum 10 50 42 7 40 54 50 51 75 66
Biscatum sp. 1 3 1 1 2
Biscuum sp. 2 2 1 1 3 3
B. cf bevieri 5 5 3 4 3 16
Broinsonia spp. 27 4 1 8 9 6
C. barbama 2 6 3 4 10 10 11 1
C. amphipons ? ? I 1 I
C. garrisonii 3 3 7 6 4 6 3 7
Chiastozygus sp. 1 2 1
C. conicus 1 2 2 3 4
C. crenulatus

C. surirllus 6 2 1 2 4 1
Cretarhabdus sp. I I I I1
Cretwhabdus spp. 4 33 1 1 4 3

IC. daniae 44 1 1
C. ehmnbergii 3 5 1 8 2 6 3

Cruciplacolithus spp.
Cyclagelosph. spp. 1

Cylindralithus spp.

D. ignotus 1 1

E. iabeculatus
E. turrisciffeli 1 16 6 16 1 31 15 21 23 15 14
Gartnez-ago spp. p 10 5 8 3 2 12 8 7 53 G. fessus
Homibrookina spp.
K. magnificus 54 21 63 27 12 6 9 29 22 10 6 20
Lapideacassis spp.
L. carniolensis 1

L cayeuxii 15 24 17 10 21 5 24 1 1 4 7 9
M. inversus
M. decoratus,

I M. staurophoma 33M pleniporus 1 1 4

Misceomarg. sp.
M. pectinalus . . 3
M. quateanarius 7 7 10 2 2 5 4
Monomarg. sp.
Misceo/Monomg sp.
N. watkinsii 2 3 2
Neocrepidol. spp.
N. corystus 4 14 27 2 47 50 39 36 33 34

N. frequens 29 5 75
O. magnus 5 1 1 I
P. obsctrus 3 7 2 11 1 3 2 2 3

I
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I
Sample Number 82 83 84 85 86 87 88 89 90 91 92 93

Hole 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C

Core - Section 18-1 18-3 18-5 19-1 19-3 19-6 19-7 20-1 20-1 20-1 20-1 20-2
c -level 107-108 106 54 107 137 110-111 20-21 68-69 130 136 145 4.-5 I
Depth (mbst) 272a.47 25.46 277.94 282.17 285.47 289.7 290.3 291.48 292.1 292.16 292-25 292.34

P. bussonti 1 3 2 1 1

P. fibuliformis S 4 2 2 3

P. sigmoide 1 4 1 I
Placozygus sp. .

P. arkhngeaskyi 2 11 3 10 17 7 6 6 4 9

P. cretawxa 14 2 4 1 3 5 18 15 6 7

P. spnosa 1 1 27 15 47 13 34 28 26 32 30

P. flwii 5 38 19 15 18 12 8 12

Q. gartneri
Reinhardtites spp. 18 6 2 4 20 38 28 39 16
R. angustus 7_|
Rhagodiscus spp.
R. Thombicum 2 1 P
S. asymmetricaS. wisei
Sc;::l:;nella I ii i l l
S. fossilis 4 3 1 2 7 1 2
S.laffittci . . . I. . 1 4

T. ethmos I1 P 1 I
ThoracosphLspp. . 1 12 3 10 17 15 16 9 27 -

Vagalapilla spp. 2 I 8 14 17 16 12 16 14 9 15
W. barnesae 1 1 2 2
Z. compactus 12 6 8
Z. diplogrammus
Unidentifiable 5 1 12 16 14 31 9 9 26 7 22

Total (excl. P. stov.) 143 70 316 333 393 49 412 405 457 435 382 449

P. Stoveri 53 17 26 43 1 13 3 12 7 5 9
Total (P. stov.count) 196 70 333 359 436 50 425 408 468 442 387 458
P. stoveri, fields 65.9 24.6 40 54.9 20.2 23.7 20.6 23.3 29 35.1 59.7 36.4



247

Sample Number 94 95 96 97 98 99 100 101 102 103 104 105
Hole 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C
Con - Section 20-2 20-2 20-2 20-2 20-2 20-2 20-2 20-2 20-2 20-2 20-2 20-2
cm - level i0.-11 19-20 29-30 38-39 47-48 51-52 61.1 70-71 80 90 100 110-111
Deph (mbsf) 292.4 29249 292.59 292.68 292.77 292.31 292.91 293 293.1 293.2 293.3 293.4Sed. rote (m/m.y.) 9.9 9.9 8.9 8.9 8.9 8.9 8.9 8.9 9.9 8.9 9.9 9.9

Age (Ma) 72.383 72.394 72.405 72.415 72.425 72.430 72.441 72_451 72.462 72.473 72-435 71496IPies. (G, M. P) M-O M M-O M M.0 G M-O M M M-P M-P M-G
Abund. (A, C, R) C-A A A A C A A A A C C-R A

Fields counted 70.7 527 20 41 73.3 20.2 22 17.6 22 45.7 56.2 12.7
mg sediment 18.3 18.5 18.6 18.0 17.1 21.1 19.0 21.8 20.4 20A 21.0 20.0
Carbonate (wt-I,) 55.9 53.3 56.7 52.9 52.7 50.4 58.2 60.3 62.5 70.1 70.5 68.7
Beaker Constam 2-7 2.7 - 2.7 2. - 27 2.7 2.7 2.7 2.7 2.7 2.7 2.7
A. octordiaa 29 32 12 18 34 31 41 50 38 33 30 26
A.cymbiformls 23 17 9 11 11 8 8 11 9 6 4 1
A. cymbif.specill. 2
A. specilla . P 1 1 5 2 4 2 2 ?
B. sparsus
B. boletum 2
B. con1staus 1 6 3 3 6 IQ 6 10 14 11 14 16

IB. coronum P 1P

B. dissimilis 1 2 1 4 1 1 4
B. magnum 29 29 13 22 16 27 24 22 33 39 21 28
B. notaculum 67 58 23 56 97 45 77 69 77 84 96 66
Biscaum sp. I ! 2 3
Biscutum sp. 2 2 3 2 8 2 1 2
B. cf bvieri 10 15 11 9 7 10 8 8 2 5 5
Bminsonia spp. 5 1 5 5
C.barbata 3 4 1 5 2 1 2 3 1 1 1
C. amphipons P 2 1 1 1
C. garrisonii I P 6 1 3 4 10 3 8 1 10
Chiastozygus sp. 1 1 2 1 2
C. conicus i 2 P i
C. cMMlatus
C. suirellus 3 3 1 2 2 3 3 4 2 1 5 1
Cnetahabdus sp. 2 3 2 4 1 I
Cretarlhabdus spp. 3 1 1 2 1 1 1 3 33 C. dmnei
C. hehn~bergii 4 2 2 6 1 3 2 23 3 1

Cniciplacolithus spp.
cycyageloaph. app.
Cylindralithus spp.
D. ignotus I
E traubeulatus
E tuniseiffeli 14 23 10 15 6 38 16 21 17 3 4 12
GImnerago pp. 8 12 1 2 8 4 10 15 20 9 a 12
G. fessus I
Homibrookina spp.
K. magnificus 14 15 10 12 1I 24 20 20 25 19 10 21
Lapideacassis spp. I I
L carolensuis
L cayeuxii 9 9 5 P 1 1 2 5 13 19 15 13
K invetsus
M. decoratus
Khstahffophoa 1 2 2 2
N' pleniporus I i
Mfislcemag. sp.
K. pectinats 1 2
h qutenais 3 2 3 63 2 3 2 4
Monomarg. sp.
MiCeo/Monomg Sp.
N. watki i . 3 1 6 2 4 i 2 2 P
Neowepidol. spp.

N. coryltus 36 36 23 43 37 42 34 51 23 25 28 22N. fivquens
O. magnus P
P. obscures I 2 3 2 2 5 3 3

I
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I
Sample Number 94 95 96 97 98 99 100 101 102 103 104 105
Hole 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C
Core - Section 20-2 20-2 20-2 20-2 20-2 20-2 20-2 20-2 20-2 20-2 20-2 20-2
cm - level 10.-11 19-20 29-30 38-39 47-48 51-52 61.1 70-71 80 90 100 110-111
Depth (mbst) 292-4 292.49 292.59 292.68 29277 292.81 292.91 293 293.1 293.2 293.3 293.4
P. bussonii p
P. fibulifonnis 1 1 1 1 2 4 i 1 1
P. sigmoides 2 3 2 2 2 1 3 1 2
Plawzygus sp . 1 1 3
P. arkhman skyi 7 4 7 5 3 11 11 6 3 1 2 8
P. caa 7 11 4 11 6 7 4 2 4 4 4 3
P. rsnosa 26 22 15 39 22 29 31 34 32 21 22 24
P. firdhii 13 10 9 15 8 18 10 10 is 7 7 13
Q. gartneri 2
Reinhardtites spp. 24 32 10 23 22 19 17 9 9 6 9 10
R. angustus 1 11 2 1Rhagodiscus spp.
R.I hombicum 2 3
S. asymmetrica p
S. wise.

Scampanella spp. p
S. fossilis 1 2 3 2 7 5 3 6

S. laffitue 2 3 3 3 3 6 5 5 3 3 4
T.ethmos P P P 2 1
Thoracosph. spp. 9 9 2 9 9 11 9 6 7 3 2 9
Vagalapilla spp. 13 22 6 13 20 23 21 14 26 23 21 12
W. bamesa 3 2 1 1 2 2
7-. compactus 1 2 9 13 1
Z. diplogrammus P I p
Unidentifiable 24 10 17 26 13 13 13 15 19 6 17 20
Total (excl. P. stov.) 394 402 211 370 367 392 420 445 447 363 372 371

P. stoveui 9 6 6 4 13 2 4 2 10 2
Total (P. stov.count) 403 408 211 376 371 405 422 449 449 373 374 371
P. stovesi, fields 70.7 52.7 20 41 73.3 20.2 22 17.6 22 45.7 56.2 12.7
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Sample Number 106 107 108 109 110 II1 112 113 114 115 116 117
Hole 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C
Core - Section 20-2 20-2 20-2 20-2 20-3 20-3 20-3 20-3 20-3 20-3 20-3 20-3
cm - level 120 129-130 140-141 149 10.1 30.1 52 70 90-91 107-108 130 150
Depth (mbsf) 293.5 293.59 293.7 293.79 293.9 294.1 294.32 294.5 294.7 294.37 295.1 295.3
Sed. ate (m/m.y.) 8.9 8.9 8.9 8.9 8.9 8.9 8.9 8.9 8.9 8.9 8.9 8.9
Age (Ma) 72.507 72.517 72.530 72.540 72.552 72.575 72599 72.620 72.642 72.661 72.687 72.710
Pres. (G, M, P) M-G M-P M M-P M M P-M PP M M M M
Abund. (A. C, R) A A-C A A-C A A A A A A A A
Fields counted 20.6 29.9 14-5 19.8 21.1 30.7 26.3 58.8 21.1 22-4 20.2 20.6
mg Sediment 21.6 20.4 20.7 21.0 20.0 20.7 19.8 19.7 20.6 21.2 19.5 20.6
Cambonaa (wt-%) 65.5 65.3 65.2 63.3 62.3 63.3 75 77A 695 65 62.8 61.6
Beaker Constant 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7
A. octoradiala 32 43 38 38 43 36 22 25 23 32 34 47
A.cymbiformis 4 2 5 6 4 8 13 3 4 4
A. cymbifJspecill. 1 2 1 3 3 3 4
A. pecillata 2 1 1 1 I I
B. spanus
B. boletum 1 4 2 8 5 3

B. •onsai. 14 11 7 9 18 13 13 11 13 18 17 7
B. coronum P I 1 1 I
B. disuimilis 2 1 1 1 1 . 3 1 1 2 4
B. magnum 30 25 22 I1 32 28 25 22 31 38 43 44
B. ncWAclum 61 112 75 119 81 116 96 138 102 86 72 71
Biscutum sp.1 8 4
Biscutum sp. 2 2 2 5 1
B. cf bevieri 5 4 5 6 5 2 5 3 3 12 5 7
Broinsonia spp. 4 3 3 1 5 5 2 2 8 7 2
C. barbara 6 3 2 1 2 2 2 3 5 7 7
C. amphipons I I
C. garrisonii 7 3 9 3 4 3 1 4 4 7 6
Chiastozygus sp. I I 1 3 2 2 1 1
C. conicus I 1 1

C. aenulaus
C. uMirellus 7 6 1 1 6 5 3 1 1 7 7 9Cneurtbduks sp. 1 3 1 2 1 2 3 1 5

Cretzhabdus spp. 5 2 2 2 1 2 5 1 2 1 4 9
C. dmiae I
C. ehrenbergii 3 1 1 5 1 2 1 2 1 6 4
Cnaciplacolithus app.
Cyclagelosph. spp.
Cylindralithus app.
D. ignost.
E. trabeculatus 1
E. tufieifel'i 13 14 Is 10 4 8 15 6 7 7 9 10

Garnerago spp. 19 10 13 6 13 6 10 4 12 7 7 6
G. fessus
Hornibrookina spp.
K. magnificas 19 12 13 15 11 15 14 19 18 19 13 19
Lapideacassis spp. .

L caniolensis
L cayouxii 19 18 2 12 17 17 9 23 9 8 6 5
K. invenus
M. deconius 7

I M murophom 21
K pleniponm
Mfiscom'arg. sp.
M. peatinus : 1M. quate us 1:2

Monomarg. sp.
Mfisceo/Monomg sp.

N. watiknsii 1 2 i 2 2 1
i Neocrepidol. spp.

N. 3orystus 25 22 31 19 18 22 27 21 39 39 44 30
N. fivquens
O. magnus
P. obscures S 6 10 6 7 4 10 5 7 9 3

I
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Sample Number 106 107 106 109 110 III 112 113 114 115 116 117
Hole 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C 690C
Con - Section 20-2 20-2 20-2 20-2 20-3 20M3 20-3 20-3 20-3 20-3 20-3 20-3
cm -Level 120 129-130 140.141 149 10.1 30.1 52 70 90-91 107-108 130 150
Depth (mbsf) 293.5 293.59 293.7 293.79 293.9 294.1 294.32 294.5 294.7 294.37 295.1 295.3
P. bu ,o. 1 1 2 2 2
P. fibuliformis 3 2 1 2 1
P. sigmoides 2 2 1 5 2
Placozygus sp. 3 1 1 1 1 1 i
P. akhangelskyi 5 3 6 12 12 8 10 1 9 13 20 15
P. creacea 7 8 4 5 6 1 12 7 14 22 10
P. Spinosa 33 30 24 18 14 17 19 12 34 31 35 32
P. firdiii 15 16 14 16 11 10 11 4 10 30 26 8Q. gamier.
Reinhmrdites spp. 7 11 12 9 4 5 6 8 9 6 12 5
R. agutus 1 I
Rhagodiscus sppp.
R. rhombictm 6 i 2 1 1 1 3 6 2 2 6
S. asymmmrica
S. wisei
Scampawa spp. P
S. fossilis 3 3 5 3 1 2 7 5
S. laffiund 5 6 5 2 2 1 2 1 5 1 5 3
T. ethmos P P I . P 2
ThonROsPK Spp. 5 4 8 3 8 2 5 I 3 3 6 9
VagulapilasEpp. 20 21 28 14 14 17 7 13 21 15 16 15
W.bamse 1 l.l l
Z. compaius
Z. diplogrammus I I
Unidentifiable 7 16 6 8 21 1o 22 14 21 22 22 15
Total (excl. P. stov.) 405 422 380 373 387 367 376 374 413 482 510 446

P. stoveri 12 1 1 I
Total (P. stov.Count) 417 423 380 373 387 363 376 374 414 482 510 446
P. sloveui, fields 20.6 29.9 14.5 19.3 21.1 30.7 26.3 58.3 21.1 22.4 20.2 20.6
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Sample Number ll 119 120 121 122 123 124 125 126 127 128
Hole 690C 690C 690C 690C 690C 690C 690C 690C 690C 69OC 690C
Coft - Section 20-4 2- 2 0 20 20 204 20-4 21-1 21-4 22-1 22.4
cm - level 8.-9 31 50 70-71 99-90 109 115-116 123-124 121 46-47 119-120
Depth (mbsf) 29538 295.61 295.8 296 296.19 296.39 296,45 301.63 306(11 310.56 315.79
Sed. me (m/m.y.) 8.9 8.9 8.9 8.9 8.9 8.9 8.9 8.9 8.9 8.9 8.9
Age (Ma) 72.719 72.745 72.766 72.781 72.810 72.832 72-339 73.422 73.925 74.425 75.013
Pte. (G, M. P) M-P M M-G M M M M G-M M-P M-P P-M
Abard (A. C, R) A A A A A A A A A C C
Fields counted 26.3 20.2 19.3 20.2 21.1 34.2 21.1 25.5 30.7 55.3 47.4

mg sediment 20.0 20.4 20.4 21.5 20.0 20.6 19.9 19.8 21.0 20.8 21.3
Carbonafe (wt-%) 60.8 56.2 56.5 56.1 53.8 58 59A 52.5 46.7 43.8 55
Beaker Contant 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7

A. octoradiata 30 52 47 52 52 52 32 65 65 17
Acymbifornms 3
A. cymbifjspecil. 3 2 3 2 1 1 1 1 1

A.upecilla .1 1
B. spnMasu
B. boletur 5 3 5 3 1 1 4

B. constans 24 17 9 21 18 12 23 20 34 11 4
B. oronum P
B. dissimilis 1 2 1 2 . 2
B. magnum 28 30 26 19 20 26 19 2 7 22
B. notaculum 102 76 51 51 58 92 58 100 11 4 6
Bismatum sp. I 1 3 1 1 2 1 2 3 6
Biscutum sp. 2 1 3 2 2 2 2

B. cf bevieri 8 8 5 6 5 10 5 3
Brinsonia spp. 2 5 6 2 3 2 5 2

C. barbaa 6 5 3 6 2 2 6 3 5 3
C. amphipons I
C. garribonii 10 4 9 5 11 6 3 25 3 1 2

ChiaMozygus sp.1 I 1 2 1 1 4 1
C. conicus 1 1 9 2 1

C. Cranulaws
C. suritellus 8 3 2 5 1 1 7 4 P
Cretahabdus sp. 1 2 1 1 2 6 4

Cwtaaimbdts spp. 5 4 5 3 1 4 2 1 7 3 2
C. dmiae .

C. ehenbergii 5 4 5 3 1 4 6 5 6 5
Cruciplacolithus spp.
Cyclagelosph. spp.
Cylindralithus spp.
D. ignotus . 1 2 I 1 1
E_ trabeculasw
E_ tur'iseiffeli I1 14 8 7 14 6 11 10 is 9 1

Gartner• spp. 4 3 6 5 4 4 5 4

G. fessus
Hornibroolina spp.
K. magnifiazs 11 16 13 14 9 12 20 7 7 3 12
Lapideacassis spp. I
L carniolensi

L cayeuxii 10 3 5 5 2 4 9 2 15 39 185
R. inversus
M. deooratus

K Mplettipoeus 9 3
Misceomarg. sp. 2
M. pectinatus I 2
M. quaauu•ius 1 3 5 3 5 3 6
Menomar.Bp. I .

isceo/Monomgsp. I I
N. watkinii 3 3 3 1 1 2 2
NeoceidoL pp.
N. corysuus 32 40 48 41 31 30 30 33 8

N. fnquens
O. magnus .

P. obscures 2 2 4 4 2 1 9 1 1

I
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Samie Number 118 119 120 121 122 123 124 125 126 127 123
Hole 690 60 6 699 C 690C 690C 690C 690C 690C 690C 690C 690C
C - Sectn 20-4 20.4 204 20-4 20-4 204 20-4 21-1 21-4 22-1 22-4
cmu - level 8.-9 31 50 70-71 89-90 109 115-116 123-124 121 4647 119-120
Depth(mbsf) 295.38 295.61 295.8 296 296.19 296.39 296(45 301.63 306.11 310.56 315.79
P. busonii 8 6 4 1 4 2 3 2 3
P. fibuifonnis 1 3 2 1 2 3 3 3
P.- sgaeides 1 2 4
PMoozygusp. . 2 5 2 1 2 1 1
P.Wkhangeskyi 10 17 14 a 7 7 5 1 21 4 7
P. aciacA 7 3 1 I 5 5 2 20 15 22 12
P. p*oua 32 33 33 45 35 35 51 41 64 66 a
P. fiii 14 1i 20 27 37 38 36
Q. s.. n.
Rf•c dtimtes 8pp. 8 5 5 9 7 12 6 1i 17Ruignm us. . . . .

Rhagodism q ...
R. ftnbicomti a 3 2 1 2
S. asymmeuica
S. wisci
Scmvpwehm
S. fouilis 1 4 2 3 2 1 6 2
S. laffittei 12 1 7 4 5 13 3 2
T.edimos

owrLsp. upp. 5 7 13 10 9 7 10 17 19 5 2
Vagalapilla spp. is 30 22 32 is 23 15 44 48 9
W.bua me 3 5 2 1 3 i
Z. ampactus 1 7 1 4
7. diplopanmus i 1 2
Unidaeifiable 19 24 19 16 18 1 13 12 is 10 11
Total (ecd. P. stov.) 449 466 42f 440 408 440 415 492 426 261 279

P. stovwei 5 a 15 21 31 93 16
Total (P. sMov.couml) 449 466 428 440 413 448 430 513 457 354 295
P. stoveni, fields 26.3 20.2 19.3 20.2 21.1 34.2 21.1 25.5 30.7 55.3 47.4
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I
1 2 3 4 5 6 7 8 9 10

ODP Hole 761 B 761 B 761 B 761 B 761 B 761 B 761 B 761 B 761 B 761 B 761 B
Comf-Secdo 21-4 21-4 21-4 21-S 21-S 21-S 21-5 21-S 21-6 21-6
cm-brwe 130 140 145 10 45 80 115 150 11 45
Depth (.ba) 176.00 176.10 176.15 176.30 176.65 177.00 177.35 177.70 177.81 178.15

AgV (Ma) 66.403 66.409 66.412 66.422 66.445 66.468 66.491 66.514 66.521 66.S43
Sedizeanc a Rat (wmi.y.) 15.32 15.32 15-32 15.32 15.32 15.32 15.32 15.32 .32 15.32

Cabomat Contem (weiil.-%) 82.7 m.d. 86.7 89.3 A.d. a.d. nd. n.d. 90 A.d.prgvd M M M M M M M M M M

Abhuce A A A A A A A A A A
FitI camumd 20 20 20 20 20 20 20 20 20 20
ing edinmt tend 20.7 20.5 20.9 21 20.8 20.6 20.4 20.9 20.3 20.8

Al oile ct aadi. 
.AIhaalgakiela app. 11 16 22 12 20 14 18 7 14 10

Biscux caumam - 2 1 2 1 1 3I ~ ~~~B. wagwo. .u- .

B. moacuium 2 3 4 2 1
Biacmuma sp. 1 27 72 32 49 42 51 65 7 4 15
Bzoinaaeia app. 4 6 7 12 3 9 5 1 8 7

Ceamncaphas brba-t-
Ceaalitbaidsp. cL C. aculaes 1 1 2 2 1 1 3
ChbiMkyg= ap6 1 1
Cowilithion e1iguum 1 9 1 2 3 4 2cfomuwkko? complecom I

1 .i- g SP cf Q - - - -
Cbiaa~ygtu spat C. • mpkplom- . - --

Cudbupbaauea(7)deim 2 11 5 10 5 4 13 1 2 4

CAiMp haerelalbrembetgii 48 56 53 66 33 44 53 19 32 35Cearbabdiun angtutifoguaw 2 1 1 3 14 8 10 3 8 6
C- coaicn 2 1 2 1 1

3C.bbachiIbma 2 1
C. au itelh- 1
cauerbbdtatp SP I
Cretaroda app. indet 20 33 12 27 27 47 71 35 3P 35
Cyclag"elopaera Wai
C.nmureatii 2 1 4 2 2
C.rejia dtii 2 3 2 5 1
Cylid bithu biamu-
C. gadlicus 2 3 2 3 9 3 11 12 6 11
C. saan.
D. ignons 8 28 9 21 11 32 20 3 11 10

iEiffellithus porallas 7 13 5 6 4 7 8 11 9 4

E. tabecusaws 3 1 a 5 2 2 2 2 3
E. ounwitfelii 21 47 14 39 36 44 35 25 34 37
Ericmuiat p. 3 2 2 3 3 6 2 21 2 9
Oamtemgo app, I I
Gblukolthm tenus 11 37 25 23 24 27 37 22 54 21
Heaulthm beoralithol
Kamqw magaicu I I 1 2

Liubinoaiou pp. 1 1 2 3 5 1 2 3
Ithroletlitat caule 3 2 4 6 5 2 1

L keweshii 1 1 2 1 1L . pnequadtm 29 32 13 20 22 28 39 1i 1i 11

L qudsdut 4 4 7 1 1 4 6 4 5 4
Uthraphiditn? sp. I
Manivitella pemmaccidea
Mukaliu8 apalmn
M. invemuS 2
Micwrarabdus belgicn 3 9 4 2 2 9 11 2 4 3
M. decoirast 16 30 is 25 32 12 34 44 32 35
Micua mutmo 3 2 3 1 2 2 6 2 1

I
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1 2 3 4 5 6 7 8 9 10
ODPHok 761DB 7618 7619B 761 B 7618B 761 B 7618 7619B 7610B 7610B 7618B
come-Sectial 21-4 21-4 21-4 21.5 21-S 21-5 21-S 21-5 21-6 21-6
c..kvem 130 140 145 10 45 so 115 150 11 45
IDq& (.bat) 176.00 176.10 176.15 176.30 176.65 177.00 177-35 177.70 177.81 178.15

Micla? Sp. 5 1 3 4 S 1 2 1
Necmepidolitim ap . . .

Nepbailtbuz requcms 11 38 2D 40 19 30 19 20 44 24
Pwbdbdmlttm wbaria 13 14 11 12 9 24 31 19 37 17
PaNbmdoli'hinap dP. embargeai . . - - . 11 -

peuubw3*m copulan . . .

PtaMygtu busaii. I I..-
PluMaqg Mflbdo..ia 12 28 1s 19 19 4S 26 13 31 39
P. Sgmoidaa. . . .

phicacygm SP 10 16 9 19 12 3 S 3 1 1-M~pa - . . . . . .

P.crme 94 117 104 112 128 110 141 151 84 145
P. grandis 4 3 2 1 2 . 3 1 7
P.Spiama 22 43 2D 13 22 56 40 9 46 18
P.amnyal 15 26 17 16 14 51 52 27 46 57

Quadrun
WAnaddmI~S.

Rhagodiactang-cmt 1 2 3 1 2
R tdoms3 5 3 4 - 1 5 1

R. apkeaaet 2 1 4 1 1 2 2
Rhagodisam ap. I
Rbagodiscm apM badaL
Rhaubolithics dmombic . 21 . -

SCRMPINSIOU aPP . . .

Sampbouimhu (Oaaili .. -

Sawwoithtea laffinmi.. - . .

Sbpmhb~isoea pp. 2 11 1 8 9 10 9 5 8 2
Tegasomatu aaadami I
Teicharhabdm etho .m , -

Tceapodarhadiuadea== 3 10 2 S 16 7 6 6 4
Tboacaoapamp . 2
Tranccats giuuAeiodoe 1 1 1 1 3 3 3 2 2
T. pbecemIus
Vapiapilaoupp. 9 19 16 21 5 8 2 1 1
Walzaaneia bazuuaae 51 78 105 110 56 73 108 151 70 70
W. biporu
Zygodaacu compactus
Zygobaculamuwimum 1 2 1 2
Zygodiscomi p.1 15i 14 16 10 7 . 3 16 1
Unldatifimbles 7 8 8 2 5 10 10 10 12 8
Suin(ezi. M. saur~opobra) 819 1130.1 928.15 944.3 849.65 1084 1228.35 1021.7 894.81 908.15
Miews auauropbora 77 62 66 89 76 58 59 113 111 106
Sm d M. samaopbota counaa 896 1242.1 994.15 1033.3 925.65 1142 1287-35 1134.7 1005.81 1014.15
Fail o NVL assropbom comunt 20 20 2D 20 20 20 20 20 20 20
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I
11 12 13 14 15 16 17 18 19 20 21

OOP Hole761B 761B 761B 761B 761B 761B 7618 761B 761 B 761B 761B 761B
Com-Secgia 21.6 21.6 21-CC 22-1 22-2 22-3 22-4 22-5 22-6 23-1 23-2
cm..leve 80 101 31-32 80 80 80 79 70 56-57 70 72
Deptb (=bat) 178.0 178.71 179.70 180.50 182.00 183350 184.99 186.40 187.76 189.90 191.42
AgeV(MN) 66.-66 66.580 66.644 66.696 66.900 67.190 67.477 67.750 68.012 6&425 68.719
Se. RMe (m--.y.) 1532 15.32 15.32 15.32 5.18 5.18 5.18 5.18 5.18 5.16 5.18
WL-S Cazodaale n.4 n0.4 .4 88.4 n.4 86.5 0.,4 88.5 d.4 91 n..Pfteamcm M M M M M M M M M M M
Ablmadul A A A A A A A A A A A
S"F' - ag-d 20 20 20 20 20 20 20 20 20 20 20
mgo edimem used 21 19.5 19.9 19.5 19.8 20.8 20.7 20.1 19.1 19.6 20.2

A. eo,:gadiam 10 1 2
AdLbmleblkieU aspp. 17 9 20 7 4 10 1 27 16 23
Biacmi cmam 3 1 19 20 34 24 24 41 14
B. maqpam . .

B.moacualm 1 1 2 2
Biwaum sp. 1 21 25 19 71 26 10 8 8 3 8 6
Bfoimaumapp. 7 7 6 2 1 4 1 1
AfskhAqioinsoma.. . .Cemfpbaem bambta

C-c acukaL 2 1 2 6 8 22 6 8 18 11
Chiazygm Bp. 1 1 4 5 1

C.? emp~imm
c. c ampllipow
C.4'7 dami 3 3 2
C. cbmabigii 30 32 37 43 55 30 38 34 20 31 20

C.Auufmm 14 7 6 6 4 5 3 9 10 4 4
C. caio 1 3 2 1 1c C. ,nedw 1 7

C.Q himobnatm 2 2 2 2 2C. Sdminus

Crwmbabdus ap. I
CIemarhabdus app. indet 75 30 29 41 61 39 34 41 62 65 49
C. aitA
C. mwgeeii 4 4 4 4 5 3 1 3 4 4
C- minbhddtii 2 2 4 3

C. biau.
C.- 3alim 11 14 11 1O 5 2 2 4
C. MITMI
D. igoonn 13 29 22 219 18 14 15 17 23 31 75
E. puzajhus 6 8 4 6 9 12 6 6 19 30 26
E. mubec.atu 4 9 2 1 5 3 2 13 6 7
E. miaeiftftli 43 21 15 19 27 10 14 23 26 26 21
Ericaoesaiap. 5 2 4 2 1 1 8 8 8 17 4
Gatmango pp 2
G. tiam 26 26 39 42 12 7 8 6 21 45 42
H.hazalizm . . . .

Lk muaihi . .2 1

IUhldwaus &pp. 5 6 4 1 11

[.. Carolobloi 2 1 4 3 6 6 2 2

L. keowt 1

L mpeqquaakam 25 23 8 24 44 17 45 11 18 21 29

L qimdama 3 3 2 4 9 7 1 3 4IUt/mpbidita? sp. I

M. pm .mka 3 2I M. apmwm
M. ivvem 1

M. belgicm 4 5 2 7 2 1 1 5 2 1 1
M. de4caA. 53 31 28 37 16 18 9 19 16 13 21
Micula mmia 4 2 9 I

I
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11 12 13 14 15 16 17 18 19 20 21
ODP Hok 761B 761B 761B 761B 7618 761B 7618 761B 761B 761B 761B 761B
co-secio 21-6 21-6 21-CC 22-1 22-2 22-3 22-4 22-5 22-6 23-1 23-2
cma-leyc 80 101 31-32 80 80 80 79 70 56-57 70 72
Deptb (mbau 178.50 178.71 179.70 180.50 182.00 183.50 184.99 186.40 187.76 189.90 191.42

Micula? p. 1 2 3 1
Noomrpidoithm app.
N. fipaema 6 30 14 21 1 2 3
P. reulaam 40 20 14 24 26 6 24 22 43 70 48
P.Ci 1 1
P. copdm.
P.bani 1 -.

P. fibuifammis 68 37 56 76 35 15 72 51 57 49 43
P. sigmea 1
Pwacay gap. 2 1 2 7 6 4 4 4 13 4 6
P. akhanhkyi
P. crecca 160 142 127 186 174 124 166 185 152 175 212
P. grdis 3 2 1 2 1
P. spmia 11 24 23 25 29 16 25 23 28 41 47
P. stoven 46 39 31 69 55 19 29 73 66 65 57
Q. gae•m 1
R. levis
R. anpats I 1 1
R.s eifoqmia 1 1 3 3 3 4 1
R. spleadeaa 1 1 4 1 3 5 3 6
Rhagodwci sp. I
Rhagodiacm app. inde.

Scmpamnlla spp.
S. fasiia 1 1
S. laffi:.ei
Stephsnolitdioa Ipp. 5 11 1 7 11 1 11 14 18 9 4

T. stadaei.
T. e. .

T. demor 7 13 8 7 3 8 2 6 6 13 8
Tho-•t opu spp. I 1 1
T. m--eodae 1 2 9 2 2 3 3 5 17 6

T. phacelaus
Vagalbpiua app. 6 4 7 1 2 2 3 1
W. bassna 85 101 124 53 43 31 52 46 39 41 52
W. biporu 1 2

7. comprctm
Z. laconans 3 .

Zygodiacm sp. 1 5 2 13 7 12 2 9 2 4 1 2
Unidentfiables 10 3 8 11 11 1 11 3 9 12 6
Su• (excl. M. sta oph.) 1097.5 1029 71 918.7 1149.5 1039 735.5 976.99 947.4 985.76 1177.9 1166.42
MiCuA slawophbwa 118 57 77 84 125 85 125 74 90 65 67
Sum ofM. staw.comue 1215.5 1086.71 995.7 1233.5 1164 820.5 1101.99 1021.4 1075.76 1242.9 1233.42
Fied of M. aw. coants 20 20 20 20 20 20 20 20 20 20 20
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I
22 23 24 25 26 27 28 29 30 31 32

OP@ Hole 761B 761B 761B 761B 761B 761B 7618 761B 761B 761B 761B 761B
Com-Sectiwi 23-3 23-3 23-3 23-3 23-3 23-3 23-3 23-3 23-4 23-5 24-1
cz-level 10 30 50 70 90 110 130 150 70 80 98-99
Dep&(imbet) 192.30 19250 192.70 192.90 193.10 193.30 193.50 193.70 194.40 196.00 199.68

Ago (Ma) 68.889 68.927 68.9W6 69.004 69.043 69.082 69.120 69.159 69.294 69.603 70.313
Sed. Rate (.j.y.) 5.18 5.18 5.18 5.18 5.18 5.18 5.18 5.18 5.18 5.18 5.18
Wt- Cazbabaae 89.9 n.d. n.d. n.d. m.d. 89 n.d. m.d. . d. . 83.5

Abundam A A A A A A A A A A A
SFielscomed 20 20 20 20 20 20 20 20 20 20 20
mg aedamem used 19.8 20.5 20.1 1&9 20.5 20 20.1 20 20 18.9 19.1

A. cckmadiaaw I 1 2 2 12 2
Arklhagelakie1Ia&pp. 8 5 4 6 3 6 7 2 17 10 41
Biacumaat' mmu 65 35 36 25 22 22 14 47 36 19 40B. nogum

B. motwalum 1 1 1 2 1
Biscamansp. 1 11 16 16 5 22 19 26 21 17 5 2
Broeinoa &pp. 2 1 1 1 2
AIkkMaJBroinoma
Cenwmapbaet btm 1 1
C. aculeta 14 8 17 8 14 9 10 18 11 17 15
chiawuygwSsp. 1 2 2 1
ComUitie um . .n 1 1 -
C.7 coaplemm

C. d mpipom
C.4 d-m 2
C. ekesbgii 33 30 46 22 29 22 24 35 30 23 32
C. aagnmtfogat 1 6 1 1 1 2 3 1 13 6

C. acoict 1 I 1 2 2 1 1 3
C. acoula.m

C. siuzobmclans I 1 1 1 2 1 3

Cretwbabdm sp. II Ci rlwbdu spp. indet 24 38 3S 38 36 38 30 21 63 31 31

C, altz

C. mageftii 2 3 1 1 2 2 2 11 1
C. minhhlidi 2 1 2 1
C. biamcu 1
C.gailicu 5 2 8 1 3 7 2 2 2

D. ignmous 46 22 38 32 21 19 18 24 45 87 21iE,. paraclusht 23 14 6 16 13 20 13 S 14 6 8

E. mbeculatw 2 4 4 3 6 3 4 5 4E. tunissei~eii 17 21 5 8 18 9 18 is 22 25 1
Ez~icaoma sp, 2 6 3 2 3 9 3 3

i ~Gnu-no Wpp

G. mou 36 40 16 15 21 28 79 61 6 S 12
H. heIlizm. .

K. magenfica

LA06dmac $pp.p. -. ..

ItuWmriam app. 3 3 1 5 1 1
L cwmioleam 3 2 1 2 4 3 1 8L. Stmsopecsmatm

L ke Ihi1
L. piequa~dan 14 40 18 18 18 17 14 23 1
L. quadaam 2 1 3 1
Uthmphidits? sp. 1 2 1 1 3
M. petmawoidea 2 8 2 3 1 21

I 84. Saem n

M. invents
M. belgic 1 5 3 2 4 1
M. dgcratu 24 23 12 18 16 31 6 9 47 84 21
Mil• 

.

I
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22 23 24 25 26 27 28 29 30 31 32
ODP Hole 761B 761B 761B 7618 761B 761B 7618 761B 761B 761B 761B 761B
Come-Secaio 23-3 23-3 23-3 23-3 23-3 23-3 23-3 23-3 23-4 23-5 24-1
cm-level 10 30 50 70 90 110 130 150 70 80 98-99
Depth(mbst) 192.30 192.50 192.70 192.90 193.10 193-30 193.50 193.70 194.40 196.00 199.68

Mickaa? sp.
Nactaepidolithu, *pp.
N. frequem 1 1
P. re•udais 41 25 41 30 61 35 29 38 22 67 20
P. dembergen 1
P. copsam I
P. bumssmi 1 3 2 1
P. fibulifammis 59 41 69 43 41 35 36 41 14 12 25
P. scisaw 3 1
Phmozygm AFL 4 7 8 2 4 3 8 5 4 4 3
P. Mklaagekyi
P. cmeAa 174 153 212 112 119 132 127 177 131 117 115
P. gpidaa -3 2 5 1 4 1 3 1 2
P. spima 39 35 49 46 71 44 52 42 28 54 19
P. ssoven 75 39 63 42 31 44 27 54 21 25 17
Q. gatme

R. kvis
R. aauglusm 1 1 1 5

- fmiaowmua 2 . 1 1 3
R. splemAem 10 4 7 12 6 5 7 5 3 10 3
Rhagod- . p. I
Rhagadiacus spp. 10deL.
R.homic• m 1
Smmpmella app.
S. foailis
S. laffiuei
Stlepimodithion &pp. 12 11 9 14 20 17 25 14 7 5 3
T. sradmen
T. ethmas 1
T. decons 5 9 14 13 11 8 10 4 4 4
Thoracospaea spp. I
T. maceodae 4 5 6 I1
T. phacelasus
Vagalapila spp. 3 2 3 1 1 3 2
W. barmsmae 86 90 39 23 25 32 41 28 70 56 36
W. biporta 1

7- compoctu
Z. Lacimana.
Zygodacus sp. 1 4 4 5 3 2 1 5 4
Undentmfiables 7 4 14 5 3 2 7 10 10 9
Sum (excl. M. stauroph.) 1091.3 990.5 1088.7 888.9 981.1 954.3 1013.5 1096.7 987.4 1018 760.68
Micula staumppora 79 67 116 66 69 81 60 69 38 65 82
Sum of M. amu. counm 1170-3 1057.5 1204.7 954.9 1050.1 1035.3 1073.5 1165.7 1025.4 1083 842.68
Fields of M. stau. counts 20 20 20 20 20 20 20 20 20 20 20
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I
33 34 35 36 37 38 39 40 41 42

ODP Hoe 761B 761 B 761 B 761 B 761 B 761 B 761 B 761 B 761 B 761 B 761 B
Com-Secaiom 24-2 24-3 24.4 2"-4 24-4 24-4 24-4 24-4 24-4 24-4
com-lev 80 80 10 31-32 49-50 70 80 90 110 130
Dep (tbut) 201.00 202.50 203.30 203.51 203.69 203.90 204.00 204.10 204.30 204.50
Age (Ma) 70-68 70.858 71.012 71.053 71.087 71.128 71.147 71.167 71.205 71.244
Sod. Rae (mimsy.) 5.18 5.18 5.18 5.18 5.18 5.18 5.18 5.18 5.18 5.18
Wt-% Carbosam 81.8 88.3 n.d. 87.4 n.d. n.d. 88.1 a.d. M.d. 90
Prsemau om M M M M M M M M M M
Abimdan A A A A A A A A A A
Fi"d cm W 30 20 30 30 30 20 20 30 20 20
Ing ed"iOe used 203 18.7 20.7 20.3 20.4 19.9 19.2 19.7 20.3 20.1

A. ocamida 2 1 3 1 1 1
Atkhwaqek Iapp. 31 19 34 41 30 12 19 12 4 3
Biasmm commam 11 25 31 16 29 25 30 17 17 24
B. mapumi7

B.iacultm 2 1
Bixmmm sp. 1 2 1 17 17

aBrimonrg q 3 2 1Arkhmf./Bmiacxu
Ceaasphmas bWwtta

C.d acuk=m 51 13 33 26 12 7 12 15 15 23
Chiamcygm u p. I
Corlouittou extgmn
C.? C=Pkftem

C. cl amplhpom
C.7) data. 1
Cekambagii 45 34 54 64 56 45 25 34 48 33aaguatifoatus 10 19 14 2 14 11 8 13 8 7

C. omicm 5 1 4 1 3 3 2 3 5
C. c ulagua.
C. schizbotxacaan=a. .

C. auiizlha2

Cnowbarbdus sp. I. . . . .
C ahambdtaa*pp. inde 56 29 54 37 30 20 35 13 33 15
C. alha
C. mmgemlii 1 1 1 1 4 6 1 3 1
C. eiahardtii 1 2 2 2 1 I
C. biamci
Cgauiums 1 4 1

Swann 3 7 3 4 2 2 9 11 4 13D. ignomt 12 15 4 14 11 42 11 8 16 '7

E. paralleua 2 3 4 7 6 3 1 2 5
E. • taub ma 6 1 1 1
E. -naiaeiikji 10 21 6 8 9 12 23 10 26 18
Eziaa sp. 14 2 7 2 4 6 12 6 5
Gmago a pp.x
G. esm 12 6 4 3 7 4 1 2 2H. hexalis

K. magmnficus

ILaPidsacasaja app. 1 . .

udaammm app. 1 2 4 4 1 4L c.,m oene si, 4 5 5 '7 3 41

L gumaoptmha
L keomet.
L prmaqumaatim
L quadratua
Uithapbiditas? sp. IM. U elmhaldeaa 4 3 5 6 2 1 8 4 4

I M. sperns

M. iavenm 1
M. belgiu 2 2 1 2 1 1
M. decmatm 24 37 16 8 18 11 16 9 27 15
Micula mlum

I
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33 34 35 36 37 38 39 40 41 42
ODP Hole 761B 761 B 7618 761 B 761B 761 B 761 B 761 B 761 B 761 B 761 B
Core-Section 24-2 24-3 24-4 24-4 24-4 24-4 24-4 24-4 24-4 244
cm-level 80 80 10 31-32 49-50 70 80 90 110 130
De* (mbas) 201.00 202.50 203.30 203.51 203.69 203.90 204.00 204.10 204.30 204.50

Micula? sp.
Neo Pcrpdolithua app.
N. fbequem.s
P. tegulari 19 40 19 20 21 to 18 15 19 16
P. c embegen I
P. copdauas . 1 1
P. busaosi 1 . 2
P. jibuifirmis 11 9 11 7 8 64 21 22 57 13
P. siginmde.s 1 2 1
Plawzygu &p. 2 1 10 4 8 5 4 7 8 3
P. arhangelkyi
P. ateocm 84 161 71 78 100 138 131 81 152 113
P. greadis I 1 3 2
P. apimaa 7 35 6 10 11 18 28 25 25 8
P. semen 12 14 10 6 6 7 19 4 12 12
Q. garmen
R. levis 3 11 8
R.- anguaa 1 2 2
R., emtormts 3 1 1 1 2 2
R spleadea 1 1 1 2 1 2 2
Rhagoduacu ap. 1 1
Rhagodascoa $pp. IadeL.
It. hosobscuto. .

Scampanella app.
S. fos.il.s
S. laffinei
Slepbanolitwoospp. 1 2 6 11
T. sbataefi
T. edIuos1
T.decons 2 1 1 1 6 7 3 6 4
Thoracospbaeu spp. I
T. nriseodae

T. pbacaehs
Vagalaplla spp. 1 1 I
W. barrnae 33 39 33 35 40 35 38 60 413 51
W. biporta
7- compact. I 3 1
Z. Lacuaeset.
Zygodscu• sp.1 1 2 2 3
Uuideaufiables 9 6 8 9 10 6 6 5 10 4
Swm (excl. M. staompb.) 795 883.5 717.3 685.51 704.69 848.9 839 7321 931.3 792.5
Micula stasoptiwa 177 78 151 175 160 51 56 102 53 113
Sum o M. stare. counts 972 961.5 868.3 860.51 864.6, 899.9 895 834.1 984.3 905.5
Fields of M. staut. couna 30 20 30 30 30 20 20 30 20 20
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1 2 3 4 5 6 7 8 9 10
ODP Hole 761C 761C 761C 761C 761C 761C 761C 761C 761C 761C 761C
Core-Sectkm 3.-3 3.-3 3.-3 3.-3 3.-3 3.-3 3-4 3.-4 3.4 3.4
cm-level 66 75 83 102 120 138-139 9 44 75 110-111
Dept(mbul) 172.38 172.47 172-.5 172.74 172.92 173.1 173.31 173.66 173.97 174.32
Age(Ma) 66.344 66.4 66.405 66.418 66.429 66.441 66.455 66.478 66.498 66.521
Sedimemiamo Rate (m/m.y.) 1.61 15.32 15.32 15.32 15.32 15.32 15.32 15.32 15.32 15.32% Carbate (ex: Rocnbia et a) 71.6 86 86.7 91.1 91.1 90.5 90.15 89.75 90.4 90.95Preamvaioo P M M-P M-P M M M M M M-P

Abomdum C-R A A A A A A A A A
Fie& hcoamted 26 20 20 20 20 20 20 20 20 20
mg Saedimnmt red 21.2 19.9 18.2 20.3 19.8 19.6 20 20.3 19.5 19.5

Azumgeh-kiela app. 6 9 14 9 14 22 5 13 12
Bisaummtu m 3 2 1 2 2 2 2 2B. nwch 1 4 2 1 2 1 1 2

Biacunýasp. 1 21 36 55 37 55 71 57 40 39
Bominonia pp. 1 6 9 6 3 9 16 10 8 12
Ceamspabm bbaita 1 1
Cc=m ithoidua sp d C. aculem 1 ?1? 1 1 4
Chiaa*-yg- Sp. 1 2 2 1 1
Coeolhithion . 4 2 2 6 6 4 5 1 4
Crib-opb naet(7) daae 7 4 5 4 9 8 6 4 2
Cnibem •buela ehbebegaii 5 44 57 43 42 41 34 31 39 46
Cremharudma atngatiford a I 1 1 12 8 8 12 2 5
C. cmaicl 1 1 2 1 1SC.cgajat I 1 .

C.achimobeachtat. 2 1 2 2
C. aurmelit
Ctmabdu sp. ICnoth~abdm &pp. ukdet 1 28 29 43 38 38 44 46 46 3S
Cycdogeimpbauea aifa I I
C.- ngfetii 58 4 2 1 1 2 1
C. n96hdoi 1 2 2
Cyhiadtlitht ugallicus 3 3 5 2 2 3 2 3IC. aetiatm .1 1

Cylindraithms sp. IDiumhabdMu ignn 20 14 28 8 14 15 13 14 IS
Eiffednith w pualkhi 11 5 6 5 7 5 11 7 8

IE. wambeulano 2 7 1 2 5 6 3 2

E. twnaeiffelii 32 16 40 38 56 32 25 20 22
Ericaoma sp. 1 2 2 1 5 6 4
Gauetago sppL I
Glauklhabius us 2 12 12 21 15 25 37 38 25 31
Hezolitbm hexalithus I
Kap-m magnificts 2 2 4 3 1
Uthmtium sp 2 2 1 4 4

I Uthrapbidita canuolessis 4 4 1 1 3 2 4 2

L pmaq u 1 16 20 15 17 10 26 33 32 28
Lq quaaux 2 18 5 4 4 6 7 13 5 10
L ialmbabdm cayeuii I 1 2
Manivitella pemiaadeat
MawkAimmapntu.

M. iwm.,m 23 6 1 1
Miamthabdulm belpcua 3 5 5 2 12 6 2 8 7
M. deoamu 3 22 19 29 24 30 34 32 36 39SMicmlaummu 2 2 1 2 2 2
Miaa pc d M. pnmii I
Miala? Ap. 1 4 3 3 4 2
Neocrepdolithm app. 2

Nepb~oluha fquena 24 22 43 27 39 27 28 15 37
Pahabdolithm embegetn I 1 2 1
P. regsjaha 27 17 15 16 22 11 35 21 27
Pervilithm vanua

I
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1 2 3 4 5 6 7 8 9 10
ODP Hole761C 761C 761C 761C 761C 761C 761C 761C 761C 761C 761C
Col'oscction 3.-3 3.-3 3.-3 3A- 3,-3 3.-3 3.4A 3.-4 3.-4 3.-4
cm-Aevei 66 75 83 102 120 138-139 9 44 75 110-111
Dep~b (milsL) 172.38 172.47 172.SS 172,74 172.92. 173.1 173.31 173.66 173.97 174.32

Plauozygm busuacii 3 1 . . . 1 1
P. flbulifirmis 1 9 13 17 25 24 22 28 16 28
P.signmides 5 1 . . . . .

Placcoryg~ms .F 3 6 10 19 4 12 2 . 2
Poodiscospbwcrw 7 96 74 112 137 110 124 112 103 96
P. gimidis . 2 . 2 1 3 1 1 3 2
P. siouas. 33 24 22 23 21 9 28 28 8
P. Akwmg 1 31 15 20 18 33 20 37 39 57
Ouadrum gartnen 1
Rhagod-an~agmas 1 1 1 . 2 3
Rhapidiscus meuisom 2 2 1 5 5 7 6 5 3
Rhagodiacamapileadem 6 1 5 1 2 2 5 1
RhObIbO bombobian b un . . 3 . 2 . . 3

Staoitise aitm afittei . . . I.
Seepbanowition $pp. . 12 2 9 7 8 5 8 6 6

Tetrapodorbabdus deconn 6 5 7 2 3 5 15 9 6
ThbaCOPba- opeVcuw*a 20 3 1 . . . 1
Tranofitam miimus 1 2 2 1 9 2 6
Vaaapdispa &pp- 1 1 8 12 19 9 11 5 3 4
Waauenauaibunese 10 21 69 92 S1 60 42 56 87 74
W. bipon . . .

ZygodL-cu -op-an. . . . 7
L iacoa-w . . . 10 . 2
Zygowzscsp. 1 1 9 14 9 7 . 2 2 5
Unidentifiable 5 6 7 8 3 5 9 2 4 6
SUM (tzc. M. stawophota) 152 586 543 725 648 718 699 750 683 711
K saawopboia 7 75 65 80 65 84 66 64 66 86
Stan ofM. sawopbors counts 159 661 608 8OS 713 802 765 814 749 797
Fields ofM. stauropbota counts 26 20 20 20 20 20 20 20 20 20
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11 12 13 14 15 16 17 18 19
ODP Hole 761C 761C 761C 761C 761C 761C 761C 761C 761C 761C
Con.Se-rie 3.-4 3.-S 3.-5 3.-5 3.-5 3.-6 3.-6 3.-6 3.-6Ica.-viaw 145 30 65 100 136 20 55 91.5 125
Depth (mbaL) 174.67 175.02 175.37 175.72 176.08 176.42 176.77 177.13 177.47
AVS (Ma) 66-S4 66.S66 66.589 66.612 66.636 66.658 66.681 66.704 66.726
Sdifmtiau Rate (m/ny.) 15.32 15.32 15.32 15.32 15.32 15.32 15.32 15.32 15.32
% Carbome (ez: Rocciia et al) 91.6 92.4 91.8 90.7 89.95 89.6 89.4 89.2 89.2
Prounvad" M-P M-P M-P M-P M-P M-P M-P M-P M-P

Abomw A A A A A A A A A
Fiebba commd 20 20 20 20 20 20 20 20 20
mga edimaa used 21 20.9 20.4 20.9 21 21 20.9 20.8 20.9

A*rhmagekieulla ap 11 7 16 8 14 13 17 16 7
Bianamcot aam 2 2 4 1 3 6
BEL 1owkt 1 1 1 1 1

Biamum p 1 23 12 3 3 35 37 26 15 48
Buizmma&app. 8 5 5 4 11 16 12 7 3
Cecaphaem r barbata
Cemiithodm si d C. aculeus 1 3 2 5 4 4 3
Chimm4ygm s5 I
Co9whtithn exiggmm I

crbmspber ?)) d- 4
Cibrspharela ebrebergi 33 38 42 39 32 39 41 45 54

Creatmhabd-u aagmutiforams 4 1 14 4 9 12 11 3 6
C..commaa 2 3 1 .

C. cmaugh
C-acwboabraaah . 1 1 3 4
C- sIMhA"

Cetarbabdn sp.1 I
Ctmadbabdis &pp. iadet 43 27 47 39 52 50 48 28 45ICyc•~,lapopau alta. .

C. amrseeii 2 2 3 1
C. mzni rdtii 2 1
Cylidmirhiehm gdikcm 6 5 14 5 5 12 7 12 3
C. scams 2
Cyliotdrithu sp. 1

DicmuWtbdm ignom 15 2 5 6 7 11 15 13 30
FiffellIhm puamlelus 6 4 2 1 8 7 3 3

lE. urmbecubmna 10 3 3 2 '7 7 3 4 5

E. tmiseffelii 29 22 25 24 45 31 18 16 19
EnaOwma sp. 13 8 2 4 7 3 4 1
Garimeago spp.
Glaukoltahm fe=u 40 21 22 33 33 43 29 24 27
Heliihma bezalith.
Ka mpt u ngsmfica 1 2 1
Utholism sip 6 6 4 4 4 4 1 5 6

IUmq~dium cunioeam 4 1 2

L kaahii 1 1 2
L. powquodmtl• 24 17 20 30 24 29 11 14 17

L qdamatu 7 4 14 1 4 9 4 5 9
Lamciieawombdmu cayewii

manjviejla pemmaIdea I .

Minkahm apento. 2
K. iwmvBm

Micmr tabd belim 6 2 8 4 2 5 10
M.dgcaraa 50 57 59 53 53 48 20 18 31

Miadamuua 1 2 4 2 5 5 3Micula spý d• M. pinaii I

Micda? sp. 2 1 1 2 1 2 1 1
Ne R, ePwolithtm spp.
NeMia• ittnfsqueam 27 13 5 15 22 i 16 2 14
Pwhabdolithm .mbeagen 3 1

P. reguian 20 20 25 34 33 35 9 14 25
Pervdithm varmn I

I
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11 12 13 14 15 16 17 18 19
ODP Hole 761C 761C 761C 761C 761C 761C 761C 761C 761C 761C
Cove-Secion 3.-4 3.-S 3.-5 3.-5 3.-S 3-6 3.-6 3.-6 3.-6
cam.Ieve 145 30 65 100 136 20 55 91.5 125
Deplb (mWi) 174.67 175.02 175.37 175.72 176.08 176.42 176.77 177.13 177.47

PLIacozygu btuaaoii 1 1 1 2
P.f lifais 26 Is 57 32 43 40 48 28 56
P. sigmaides 1 1
PlamzygUim 2 6 2 2 2 1 2
Pmdicmpbaeum creta 140 91 94 108 148 185 150 129 146
P. rmdis 2 1 4 8 2 3 5 3
P. Spima 27 2 18 31 40 14 22 14 26
P. aovri 27 33 33 44 37 49 27 32 59

Od auguma l

Rhagodiacsenmifonais 4 3 1 1 1 2
Rhagadiscuas speadem 3 1 3 2 2 2
Rhombbmuoa r..m. a.m
Scampameala app. 1
Stamifithifte Iaffinei
Slephanolidiooapp. 8 3 1 1 2 13 2 2 3
Tegumeat unasaei . 1
Tetrapodehabditu deaeu 15 8 5 3 9 16 6 6 7
MTh-mbm op-mb I .. ..
Traaalithus amiimus 6 5 2 3 1 1 7 2
Vagalamllaapp. 3 1 2 2 8 3 3 2
Waumarina bumme 67 75 106 96 67 114 106 119 57
W. biporta 1
Zygodiasc• commact.
Z. lacumiana 3
Zygodia•cu sp. 19 3 22 10 2 3 1 7
Unideafifable 6 1 4 4 11 7 7 S 8
SUM (excl. M. stawopora) 760 547 684 668 783 906 696 614 749
M. suaropora 103 115 125 124 130 87 107 85 84
Sum of M. staopbo counts 863 662 809 792 913 993 803 699 833
Filda of M. stauopbom counts 20 20 20 20 20 20 20 20 20
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I
1 2 3 4 5 6 7 8 9 t0

DSDP Hole 217 217 217 217 217 217 217 217 217 217 217

Coe-Sec¢ioa 17-1 17.1 17-1 17-1 17-1 17.1 17-1 17-2 17-2 17-2

cm-klevel 20-21 40-41 60-61 80-81 100-101 120-121 140-141 10.,11 30-31 50-51

Depth (tbat) 421.20 421.40 421.60 421.80 422.00 42220 422.40 422.60 422.80 423.00
Age(Ma) 66.413 66.425 66.438 66.451 66.463 66.476 66.489 66.501 66.514 66.527

Sedimenatioa Rate(./m.y.) 15.81 15.81 15.81 15.81 15.81 15.81 15.81 15.81 15.81 15.81

Casdia nconment (weight-%) 91.5 90.2 n.d. md. m.d. m.d. n.d. m.d. m.d. m.d.

Premseva.ms M M M M M M M M M M
Abundance A A-C A A A A A A A A

Fields coumted 40.0 30.0 20.0 20.0 20.0 20.0 20.0 25.0 20.0 20.0

mg sediment ued 20.5 20.3 20.2 20.9 20.6 20.4 20.6 20.6 20.0 20-5

AlmomUeeiea ocloradista

AIikhsagelkieil spp. 16 20 18 14 18 5 6 2 1 2

B. agnuoma

B. aoculum 2 2

IBisc sp. I 25 4 7 1 3 3 2 5 1

Boinmsoma &pp. 31 21 18 9 12 8 4 8 12 10

C-ratenithoides sn, cf. amC 4 2 1 2

Chimgtzygmm sp. I I
Coroilithion ¢ompleame
Chiamttaygus sp. cf. r- am~ilmpm 2

Cribrosphaerelsa(?) dnie 5 1 2 2 1 1
ICbrmsphaeleila d fi 59 42 30 24 31 19 33 19 32 26

Cretwbabdus angustal ms 7 3 8 2 1 1 6 3 3

CICamicu 2 1 1 1 3 1 2
C. tenuis 4 1 3 3 4

C.cizobrachis3 1 4 1 2 1 2

C. sutell8 3 1 1 2 1 .

Cmtubabds app. indea 61 31 37 34 42 32 39 28 35 27
Cyclagelospbm &Icat

C.- eidhaxditii 1
Cylidoaaitbus bimc. .

C. gallicus 9 7 2 2 3 6 8 13 8 6
C.s snna 1
Cylindzaithusap. I
Cyliadruithus spp. indel.

Diascohahdus ig 12 2 6 6 3 1 5 3 3
Eiffe~lfithus e.mius I

E. paralkelus 5 1 1 1 2
E. mabeculaus 3 1 1

E.- nisaffejii 29 18 21 7 7 7 14 7 20 12

Ericsoma sp. 10 8 2 2 4 4 8 9 7 2

Gannerago spp, 1 2 2 1 2
Glaukolithm fests 36 22 25 20 37 is 17 13 21 14

Kampamenm magificus 1 2 1 1 1 2

Uthmmnum app. 29 15 3 5 7 11 8 16 13 7

LiMlsphidim camaioleais 2 1 1 2 1 1

L g8ssopecomantu. I
Lken thii . .2 1 2

L lprmqusdrsam 36 17 9 10 17 14 26 11 16 14
L qmmdtsss 7 2 6 3 3 3 2 3 3 2
Uthmpbidita() sp I
Lucismobabdus cayeuhii

Manivisella pemmatoidea

M. invers.

Microrbabduhas belgicu 1I

M. decmaus 24 23 25 17 17 21 26 17 17 19
Mic'l prnemum

Micul munrs 10 8 11 11 17 12 13 25 14 15
Micula sp. cf M.p nimii 5 4 1 S 4 3 4 5 7 4

I
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1 2 3 4 5 6 7 8 9 10

SDPHole 217 217 217 217 217 217 217 217 217 217 217

Cole-Section 17-1 17-1 17-1 17-1 17-1 17-1 17-1 17-2 17-2 17-2

cm-kwvel 20.21 40-41 60-61 80-41 100-101 120-121 140-141 Ma-11 30-31 50-51

Depth (mbaf) 421.20 421.40 421.60 421.80 422.00 422.20 422.40 422.60 422.80 423.00

Micala? sp 4 6 2 6 2 1 1 2 2 3

Nepbrclith-m fquein 19 8 9 10 7 7 3 2 2 1

Pmhabdolithus. 1 . 1 .I I 1
P.i quiais 47 22 28 13 20 47 16 36 39

Pebashdm eopulatau
Placaymgu biofi 4 3 1 1

P. fibMuiomis 23 14 22 20 16 11 16 15 20 24

P. silmaides

Placom•yguaFp 10 6 3 4 1 3 5 2

Pmfiudcsptaes arkbhagebskyi

P.cReoava 100 62 80 58 53 50 75 54 89 SS

P. spinmosa 18 5 21 2 8 4 9 2 7 8

P. lpmda 1 . 1 1 2

P. sveui 32 11 15 16 26 10 16 19 23 14

Ouadrum garmen 1 1
Reinhardulas 8p aft. R. arnhopbon s

Reinhacidl levis.
Rhagodiscus angusus 2 1
- rtnfifagm 4 1

,- splead.s.
Rhagodisci. sA.l I

Rhagodiscmm app. indet 1
Scamsp lla spp.

Scapbolithm fasailia
Samolimea Ismael. .

Saphanotithidm spp. 7 1 1 1 2 2
Tegumeatuat sutdami

Tei rhalsbdmm etlunes
Tetapodochabdom decom 6 4 6 2 2 3 1 4 2

Thoac, mpbacr spp. 2 2 3 3 1

Tfamliths macleodae 16 6 3 7 1 2 6 5 3

T. pbsce"as
Vagalapilla spp. 12 1 5 1 6 i 1 2

Waa•auena banesase 154 87 69 70 86 101 116 122 108 61

W. biport 1 2 1 1 2 1 I

Zygodiscul compact:s.
7- Lacumana 1 2 1 2 2
Zygodiacm, Sp. 1 2 3 i 2 1
Umidmaifiable 17 3 7 10 6 3 5 5 7 5

Sm (excl. M. staueopbora) 919 507 488 414 473 395 536 455 541 396
Micula trauaopbors 84 122 57 99 93 110 86 185 99 106

Stan o M. starmphom counas 1003 629 545 513 566 505 622 640 640 502

Fields of M. staiaupoia counts 40.0 30.0 20.0 20.0 20.0 20.0 20.0 25.0 20.0 20.0
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I
11 12 13 14 15 16 17 18 19 20 21

DSDP Hole 217 217 217 217 217 217 217 217 217 217 217 217
Come-Sectim 17-2 17-2 17-2 17-2 17-2 17-3 17-3 17-3 17-3 17-3 17-3Scm-Wevel 70-71 90-91 110-111 130-131 149-150 10.-11 30-31 50-51 70-71 90-91 110-111
Depth (mbeL) 423.20 423.40 423.60 423.80 423.99 424.10 424.30 424.50 424.70 424.90 425.10
Ap (Ma) 66.539 66.552 66.564 66.S77 66.589 66.596 66.609 66.621 66.634 66.647 66.659
Sed. Rate (mfm.y.) 15.81 1.81 15.81 15.81 15.81 15.81 15.81 15.81 15.81 15.81 15.81
Caibomme (wt.-) .d. n.d. Imd. md. .d. m.d. .d. n1d. ,,4. n.d. n..P[meievauoe M M M M M M M M M M M

Abuadance A A A A A A AA A A AA A
Fields ammd 20.0 30.0 20.0 20.0 20.0 30.0 20.0 20.0 20.0 20.0 20.0
mga diemmtused 21.1 21.5 21.4 20.1 19.7 20.5 21.2 20.3 20.6 20.6 20.0

A. acloadia
ArzkaeiskiellaaMp. 6 5 3 1 5 3 4 2 5 10 3

B. nuqpmm

B. naoculum 1
Biwcutm sp. 1 4 1 1
Broinaoaa &pp. 3 9 4 4 6 9 10 10 10 27 8
ArkbaqJBmtmema
C-. d acuwum

I ~ ~chintac'ygum Wl I

C. cempwmm
C. ampCEamspo1

C4"M dmae,
C.e rembergii 23 14 2S 2S S2 34 70 47 60 48 42
C. agutsfomatu 3 1 3 5 1 2 5 2
C. c.im•n 1 I I I IC. cmuatuww 2 1 9 4 3 4 5 3 2 2

C.. schmbrachiatt 2 1 1 2 2 2
C. smizji 2
Ctetehlabdl &pp. iadet 42 22 29 47 44 37 72 40 46 56 54
C alta
C minhudtii 2 1
C. biwc.
C. gallicus 2 8 2 7 1 3 4 4 6 7 4

Cylindtwithus sp. I 1 1 2 1
CylindrAlithnuspp. itdeL. 

1D. ignman2 1 1 3 2 1 5 2
E. eximmaus
E paralklelu

1E. . 1 11 I
E. mnisieafeifii 20 10 13 13 8 11 9 7 10 12 8Efaicsoma sp, 2 2 4 9 6 6 s 2 4 1

Gazerago spp.
GO.ems 6 9 18 7 2 12 21 15 15 20 19
K. ealicus 1 I 1
utlhmamnu app. 11 18 6 10 4 15 9 5 7 5 1
L cammioem 2 2 2 2 3
L gmuopecmna.
Lkenthia 1 1 1 1 1
L. praqwftna 10 7 14 19 6 12 12 3 8 12 21
L quedramn 1 4 2 3 1 2 4 2 2 5
Uthmapbidit(?) sp. I
L cayemii
M. peumaaoidea 1 2 1 3
M. apemt
M. iaveats

M. dcot.ama 19 9 10 16 19 51 30 17 23 17 19
M. praemrn.
M. munm 17 24 19 22 22 24 11 23 10 18 12
M. d pinsi 5 6 9 8 10 12 13 7 6 4 2

I
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11 12 13 14 15 16 17 18 19 20 21

DSO Hoal 217 217 217 217 217 217 217 217 217 217 217 217
cme-scbm 17.2 17-2 17-2 17.2 17-2 17-3 17-3 17-3 17-3 17-3 17-3
c0mv4, 70-71 90-91 110-111 130-131 149-150 10.-11 30-31 50-51 70-71 90-91 110-111

Depth (mbsL) 423.20 423.40 423.60 423.80 423.99 424.10 424.30 424.50 424.70 424.90 425.10

Micda? ap 4 2 4 3 6 3
N. iqpm 6 1 1 1 2
P. 1 .a , I
P. repimia 26 20 33 36 24 20 39 18 24 50 22

P. copapazm
P. bimmi 1 2 2 1 1 2
P. fibuliomma 20 14 4 7 11 12 50 31 24 28 35

P. aigmdm.
Plaauysm sp, 3 2 5 3 3 5 10 3 2 5 1

P. arbaaphkyi. ...

P.c aca 65 67 34 102 53 75 82 70 98 102 62

P. $pigaa 7 4 12 6 1 10 6 3 2

P. grmdia 2 5 3 6 1 1 2 4

P. soven 25 9 17 16 17 14 21 17 10 21 17
Q. pamn I 2
R. a&f. anbopbon.

P. levi.
R.. aagumm

P- gonifogmia. ..

R. spkem.de.

Rhagodiacimp- I

Rhagodiaci. &pp. imdi-. . .

Scampme&la $pp.
S. ftailis

S. iaffci..
Stspbamotitdo. app.
T.aaadam.
T. ,•m
T. d•oanm 6 1 3 4 1 4

Toacsph-Mapp. I 1 1 4 1

T. mwAi0dae 3 2 1 1 3 1
T. phacelm. .

Vagaapfila app. 3 2 I 1

W. bamiae 93 135 83 148 95 134 118 92 81 77 81
W.bipart 1 1 1

Z. comopqnc
Z. lacutas 3 2 3 1 1 1

Zygodiaa- sp. 1 3 3 2 1 6 3 1 3
Uoidcadfiable 5 3 2 4 2 6 9 5 5 11 6
Sum* exd. M. staur.) 452 415 366 550 421 534 656 442 474 562 448

MiWoola tawopbaa 108 221 144 111 113 134 91 73 82 94 88
Sum a(M. staw. coum 560 636 510 661 534 668 747 515 556 656 536

Fields of M. trmw. cottns 20.0 30.0 20.0 20.0 20.0 30.0 20.0 20.0 20.0 20.0 20.0
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22 23 24 25 26 27 28 29 30 31 32

DSDP Hole 217 217 217 217 217 217 217 217 217 217 217 217
Coe-Seako 17-3 17-3 17-4 17-4 17-4 17-4 17-4 17-4 17-4 18-2 18-2

cm-level 130-131 149-150 20-21 40-41 60-61 8081 100-101 120-121 140-141 22 40-42
Depqh (mhL 425.30 425.49 425.70 425.90 426.10 426.30 426.50 426.70 426.90 432.22 43240
Age (Ma) 66672 66.684 66.697 66.710 66.723 66.735 66.748 66.761 66.773 67.110 67.121
Sed. Rawe (m/my.) 15.8 15.8 1 15.81 15.81 15.81 15.81 15.8 1 15.81 15.81 15.81 15I .81

Caooma (wt-S) n.d. n.d. md. a .d. n.d. n.d. t .dL nd. n.d. nd. .d.
Preoa omam M M M M M M M M M M M
A dmodmw A A A A-C C-A A-C A-C A A A A

FWMsacoamd 20.0 20.0 20.0 25.0 30.0 25.0 20.0 20.0 25.0 20.0 20.0
mg sedimem ued 20.7 20.8 21.1 20.1 20.2 20.4 20.8 20.3 19.8 21.1 212

A. oc1m.di- - 1 I
A "p- 7 3 7 4 7 7 5 4 13 3 11
Bisammincomts 1 1 1 2
B. magmm
B. • 1owi

mBiscwm ML 1 2 1 2 1 1

Brmimom app. 18 13 13 20 15 3 16 12 34 13 14
ArkhoJBmimom
C. cf acuhle 13 12

ichaintsygw a;l. .

sp. I~~t
C-. c m~pom
C.M daniam
SC. e b 46 27 28 24 38 20 24 29 24 40 29

C. aaqmdfouz 1 2 4 5 1 1 3 1 2 2

C. conim 56 1 3
C. czeatm 1 2 1 2
C.acbgobmchau. 1 1 - 1
C.- suullu-Itetuhmbdu spp. inde. 49 50 44 56 56 54 65 46 30 48
C. alta 1
C. reiuasddi 2 2 1 2

r- bisarc
c gdhicm 3 4 4 5 5 2 2 3 3 3
C. serrsta
Cylioadrtms sp, I

I Cyli-4ralithus *pp. indef.

D. igma 2 3 1 4 5 2 1 1 6
E. eximius
E. pmWlelua 3 9
-E. uabocui 2 1

E.. Vnisewdieti 8 9 18 17 13 16 16 15 8 16 17
Ericw=spaa 4 1 1 1 s 2 1 4 3

Gatnerago &M
G. Imm 22 32 7 8 16 12 13 14 19 12 2

g. m.-n- -
UI llmiom $pp. 4 4 6 11 8 8 7 16 7 2 1
L cumonmiak i 2 1 1 2

L groaopecdoom - -
Lkeah 1 1 1

L pa"mmahi 8 22 13 6 15 13 18 12 16 11 7
L qutnadm 3 6 4 6 5 2 4 5 4 1 3
UL di( apI -

1 ~M. puffluateldw
K apemm I
M. invmm-
M. bdgac - -

M. decamu 23 29 11 19 18 18 13 8 8 10 23
M. pmms m
M.m 17 9 16 16 25 15 17 18 20 8 183 M. d pumki 6 3 3 10 8 3 4 4 6

I
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22 23 24 25 26 27 28 29 30 31 32
DP Hoe 217 217 217 217 217 217 217 217 217 217 217 217

caqkScfio 17-3 17-3 17-4 17-4 17-4 17-4 17-4 17-4 17.4 18-2 18-2
cmn-evel 130-131 149.150 20-21 40-41 60-61 80-81 100-101 120-121 140-141 22 40-42
Depth (mb.a) 425.30 425.49 425.70 425.90 426.10 426.30 426.50 426.70 426.90 432.22 432.40

Miclai? Sp 2 2 1 1 1 5 2
N.Izeqei . 1 1
P. embergai
P.e pmis 31 34 41 38 69 42 31 41 53 39 32
P. Cpdaw
P. bmami 4 1 1
P.f bulilon.i 63 57 29 14 26 13 17 12 3 13 20
P. aiguolm 2 1
Plawacmg aL 7 5 4 3 5 2 4 1 5 1 5
P. ukhangekkyi.
P. cmucea 79 71 91 88 85 96 95 60 93 82 93
P. Spimsa 6 5 14 5 4 7 6 3 5 11 11
P. gon 2 2 1 3 1 1 2 1
P. sameri 22 19 15 13 6 14 28 2 19 23 15
Q. gamei I
R. aWL anheopbom

R. ievis
P. aagauam

R. ea•a•uis
R- spkam .

Rhagod-aa ap. I
Rhagodiau &pp. inde
Smmemella am.
S. fmllifa.
S. laffiei

Sleh"paOliih"Sapp. 1 1 2
T.auadnegi

T. ea.1
T. deeom 3 3 2 1 3 1 4 4
Thomcaspaeca app.
T. macleodae 2
T. pbaceioam.
Vagalapilla app. 2 1 2
W. baroaea 61 57 53 64 62 75 56 71 63 54 68
W. bipof 1 1 1
.- compecam

Z.. hacatm 1 1 1 3
Zygodicu sp. 1 1 7 1 2 1 1 1
Unidetifiable 11 8 8 6 8 18 6 7 6 10 5
Sun(excl. M. Stauu. 522 489 450 444 516 464 455 415 466 425 475
Micala statuopbora 84 75 87 115 138 109 102 112 123 123 117
Sum of M. taum.ooans 606 564 537 559 654 573 557 527 589 548 592
Fields of M. staw. counat 20.0 20.0 20.0 25.0 30.0 25.0 20.0 20.0 25.0 20.0 20.0
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33 34 35 36 37 38 39 40 41 42 43

SHole 217 217 217 217 217 217 217 217 217 217 217 217
Corc.Secdom 19-2 19-4 20-1 20-1 20-1 20-2 20-2 20-2 20-2 20-2 20-2
cmr.evel 30 30 99-100 120-121 140-141 8.-9 30 49-50 70-71 90 109-110
Depth(mbao 441.80 444.80 450.49 450.70 450.90 451.08 451.30 451.49 451.70 451.90 452.09

Ag (Ma) 67.716 67.905 68.265 68279 68.291 68.303 68.317 68.329 68.342 68-354 68.366
Sed. Rate (m/.y.) 15.A1 1.81 15.81 15.81 15 .81 15.81 15.81 15.81 15.81 15.81 15.81
Cavbama,, (wt-%) 85.6 a.d. n.d. n.d. n.d. sid. n.d. m.d. n.d. n.d. n..
Presevtrm" M M M M M M M M M M M
Abwmm A A A A A A A A A A A

IFiia" ooomed 20.0 20.0 20.0 20.0 20.0 22.0 20.0 20.0 20.0 20.0 20.0

mg 3dimt used 213 21.7 212 21-S 20.7 20.6 21.7 20.2 20.8 20.4 20-5

A. * o. m 3 5 2 4 3 3

Azkhaqelsadla app. 5 9 21 8 30 25 8 6 6 10 4

Bcunmgo= 2 16 37 34 39 21 23 14 29 6 20
B. omagum I

B. ataClum 3 1 1
Biaacuum ap. 1 9 11 8 5 7 5 7 15 6
Brinsomaapp. 29 14 13 15 12 9 13 8 6 3 3

C. d aculem 24 18 34 33 15 26 32 19 17 19 20
Chiaatmygm ap. I I
C. compkiUm 1
C CE amplupow
C.(') dugm I I

C. ekeabi 32 32 54 41 33 32 43 31 40 28 25
C. aCieta rat m 17 4 13 11 3 3 3 36 6
C.. ui3 2Com 2 1 2 2 1 1
C. biaukci 1 2 3 1
C. wAllicm u I 2 4 1 1 1I C. -umeAIU

Ci•whabdw i puap. Idl. 61 50 55 57 41 19 53 32 53 36 63
C &Ialo 1
C. rcioawdti 3 2 1 2 1 2 2

I C. bimcmi

C. sailicm 4 1 9 7 2 4 3 4 10 1 1
C. unaus 2
Cylindralithus sp. I II

I Cylindra~itu &pp. indet.

D. igoatu 7 14 13 22 14 3 8 10 22 13 6
E. eximius
E_. poralusl 5 2 4 6 1 3 4 2 3

IE. nobscubmu 1 2 1

E. tunizeif~lii 29 11 17 18 24 21 21 15 27 is 9Ekoi sp. 4 5 7 4 2 2 5 2 6 2
G~mumgo SPp.

i . (emus 20 13 3 3 4 2 "7 3 8 7 13

K. magwfr~u I

UIm om tapp. 5 8 12 10 3 1 8 16 6 5 6
L cafamjo n 1 4 5 4 4 2 4 3 9
L g8 .apec nhn
L kaonhii 2 1
L puquadram 8 13 9 8 7 10 4 5 8 9 6
L quedraua 2 2 1
UhampbidiraM sp 1 4
L cay.osuj ii
M. pem idm1.1

M. inveam
M. belgi I

M. dCOmu 18 31 25 39 16 17 23 24 36 24 43M. praemwmt1 2
M. mmm

I ~M. d paim~i

I
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33 34 35 36 37 38 39 40 41 42 43

DSDP Hole 217 217 217 217 217 217 217 217 217 217 217 117

Con-Section 19-2 19-4 20-1 20-1 20-1 20-2 20-2 20-2 20-2 20-2 20-2
cmt.j.ve 30 30 99-100 120-121 140-141 8.-9 30 49-50 70-71 90 109-110

Depth (rbs) 441.80 444.80 450.49 450.70 450.90 451.08 451.30 451.49 451.70 451.90 452.09

Micula? sp
N.eqmm 1 -. 1
P. embeaen 2 1 1 1 1 1
P. rguamu 48 44 57 49 48 38 37 28 63 39 48
p. copma- 1I
P.bumai 2 4 2 4 2
P. fibulifornis 12 26 24 19 8 2 8 13 16 17 6
P. sigmo-des I
Plaayg usp 3 5 8 9 6 6 9 11 8 9 9

P. atkhagekkyi
P. ccmua 96 135 130 149 109 72 83 70 96 74 66
P. spilsa 11 9 11 18 12 9 14 8 13 7 11
P. grmdu 1 I
P. sloven is 26 14 18 16 1 13 10 11 12 10

Q. gaMOM. .

,. aff. mathopbor. s.

R. levis 1 I 1

R. anugum - 2
R. zaitormts 1 2 1 3

R. spiesdem 3 4 2 5 5 1 8 6 7 6
Rbagadi-c ap. I

Rbagoduc $spP. indet 3 1

S. omailis
S. laffltei
StphanofithionaPP. 2 1 4 2 1 2 3 1 2
T. auad-.en
T.etmos 1
T. decrus 7 8 6 11 5 3 2 7 5 4
"rboacwphaeraspp. 2 1 I 1
T. macdeodae 2 1 1
T. phaluelous
VapiapdLua pp. l 2 3 1 3 1 1
W. bamesae 85 98 146 142 104 62 129 104 121 94 78

W. bipwru 2

7- compactus
Z. lacmatus 1 2
Zygodisa l -i. tl 1
Unidetid'able 5 6 11 11 6 2 8 7 2 8 14

Sta texcl. M. stwo.) 575 628 770 784 598 403 590 475 654 497 536
Micula staumphra 82 108 120 107 88 138 103 112 125 83 106

Sum of M. &tatw. cumts 652 734 890 891 686 540 692 587 779 580 642
Fields of M. taur. count 20.0 20.0 20.0 20.0 20.0 22.0 20.0 20.0 20.0 20.0 20.0
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D~~l2744 45 46 47 48 49 50 51 52 53 54
DDHoe27217 217 217 217 217 217 217 217 217 217 217

Core-Sacdoo 20-2 20-2 20-3 20-3 20-3 20-3 2o-3 20-3 20-3 20-3 20-4
cm-lavel 130 150 21-22 39-40 60-61 80-81 99-100 120 140-141 149-150 20-21

AudneA A A A A A A A A A A
Filscutd20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 38.0 20.0

nigaedionmtusied 20.6 20.3 20.1 20.4 20.0 20.1 20.0 20.6 20.9 20.1 20.0

A.oclocadjab I 1 1 2 -3 1 - 1
Arlkhangeiskiella app. 5 20 10 13 9 18 12 18 21 39 26
Biscuýco~a 10 12 13 3 8 5 33 9 7 17 47

Iictnsp 5 ~ 33 3 2 1 93Broiinsonsa&pp. 3 3 6 7 4 12 3 4 9 8 16
AskkangJBwimoaooa
C dfacuheus 29 34 32 21 35 17 24 30 21 26 30
Chiaslaygmu sp. I
QC-ompleiuni

C. CL Ampbtipom .

C.()M~a - - -

C. ebrea*berii 20 26 24 51 40 44 32 37 24 23 33
C angutuboraans 2 7 3 2 1 7 5 5 5 4 6
C comnical 2 4 2 1 1 1 1 2

IC .ouisrushdI 1 2

Cfttarbabduas&pp. udei. 26 35 22 46 33 67 44 24 35 27 43

C- biarcus
C. galficus 1 2 8 1 1 5 3 3 1Uyi~tu 2p 1 21 153

3D. igwmo 6 9 12 14 14 9 15 17 5 2 3
E. exonius
E. pusallelus 2 3 1 2
F- tabecuiatus 2 2 2 1 13 tulmatilffebi 23 36 26 3 1 i 1 12 7 8 24
E~riowa sp. 4 4 11 3 1 4 - 1
Gari*erago app. I-
G. feaus 2 5 3 7 3 7 10 4 8 11 8
K. magni.5cus I 1 2-IUthastium &pp. 6 6 10 2 7 1 S 8 2 5 6
L carniolessis 9 3 2 11 10 2 7 3 7 13 7
L gvoaoetugn
L kenohii

L praequadranx 6 5 5 5 8 6 10 3 3 10 12

Ulbraphdim(?) sp. 1I
L cayeuzii.-
M. peemnoaude II
M. apurtw2 3 36 3 5 2 021o3
M. iavamm
M. belgicutUM. praemurm 1 21
M. iurvi3 M.cdpipnaii
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44 45 46 47 48 49 50 51 52 53 54

DSDP Hole 217 217 217 217 217 217 217 217 217 217 217 217

Core-Secaoa 20-2 20-2 20-3 20-3 20-3 20-3 20-3 20-3 20-3 20-3 20-4

cm-lgvel 13(, 150 21-22 39-40 60-61 80-81 99-100 120 140-141 149-150 20-21

Depth (mbaf) 452.30 452.50 452.71 452.89 453.10 453.30 453.49 453.70 453.90 453.99 454.20

Micula? sp

N. fequeas 1
P. embugen 1 2 1 1 1 I

P. reguluzs 19 38 29 31 24 38 29 18 17 15 31

P.€op.•s 1 . 1
P. bmaow .

P. fibuliformis 5 10 7 8 22 18 9 21 21 19 28

P. sigmiade 1 1
Pucayg- sip 11 3 4 3 3 5 5 10 5 6 3

P. arkhangelskyi
P. creacea 64 87 68 87 83 104 70 77 62 47 82

P. Spoaa 2 7 6 7 6 9 5 9 3 1 8

P. sndu 1 2

P. soven 3 11 6 7 12 7 7 3 9 2 8
.gartmen I . I
W. aff. anthopbonn

R.ev is 2 2 L

R.anguaua 1 1 2 1

R.f tnormu; 1 1 2 1 11
R. spleadem 2 5 1 4 1 3 4

Rhaodicu sp. 1

Rhagoduscus app. indet 4

Scampantila spp.

S. foasila.
S. l iffe.
Sbephanohiuiiou spp. 1 1 2 1 1 1 6

T.asadnen . .

T. ethmos
T.dooo 2 1 5 3 2 7 2 1 2

Tboaco•pbaa app. 1 3 2

T. maceodaw 1 1

T. psCeJoCis 11

VagalaplIla spp. 1 2 1 2 1 3 1 4

W. baease 116 80 84 99 116 110 83 Y4 135 125 100

W. bipou 3 2 2

Z- comacrus

Z.- acusana 1 3 3 2 4

Zygodcms sp. I I I

Uuidentifable 6 6 5 9 5 2 9 5 5 6 13

Sum (excl. M. staw.) 425 516 434 550 527 S63 520 4%0 453 468 640

Micuta stauwopba 145 95 104 86 100 100 81 94 78 128 '72
S'um o M. siaw. count 570 610 538 636 627 663 ('01 544 531 596 712

Fields of M. sitau. counts 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 38.0 20J0
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55 56 57 58 59 60 61 62 63 64 65
DSDP Hole 217 217 217 217 217 217 217 217 217 217 217 217
Core-Section 20-4 20-4 20-4 20.4 20-4 20-4 21-2 21-4 22-1 22-3 23-2
cm-ievel 30 39-40 59-60 80-81 99-100 119-120 32-34 15-17 56-57 32-33 64-65
Depth (mbs) 454.30 454.39 454.59 454.80 454.99 455.19 460.82 463.65 469.06 471.82 480.14
Age (Ma) 68.506 68.512 68.525 68.538 68.550 68.563 68.919 69.098 69.440 69.614 70.141
Sed. Rate (a/m.y.) 15.81 15.81 15.81 15.81 15.81 15.81 15.81 15.81 15.81 15.81 15.81
Camboeaw(wt-%) m.d. -d. -d. n.d. n.d. n.d. n.d. n.d. n.d. ,,d. M.d.
Preservation M M M-P M M M M M M M-P M

Abuidance A A A-C A A A A A-AA A A A
Fields counted 20.0 20.0 30.0 20.0 20.0 22.0 20.0 20.0 20.0 20.0 21.0Smg sedimenrtued 20.5 20.0 20.4 20.3 20.3 20.6 21.5 21.2 20.9 21.4 21.4

A. oc•oadiata 4 16 2 3 1 20 4 7
Azhangelskiella app. 8 23 26 18 5 24 20 10 28 15 8
Biscouem a 57 17 26 17 16 23 49 36 44 20 45
B.Magamu

B. notaculum 1 1 1 2 1
Biscunm sp. 1 4 9 1 5 3 S 4 3 3 5 5

Broimonia app. 17 5 8 2 8 10 10 19 11 4 1
ArkhangJBiciumoia

C.. ciaa•le 12 25 35 13 24 24 35 24 34 31 3
Chiammygum sp. I 1 1
C. complemi
C. €L amphpons
C.o7) d--,-C em ii 17 43 18 28 31 23 21 19 26 20 18

C. angutuimanu 3 7 3 8 3 3 4 3 4 12 5
C. 2 4 1 1
C. creulatas I 1 1 1
C. whimbachumi. 1 2 2
C. surilrelu2 3 1

C.etarbabdu app. indeL 37 45 30 42 45 42 38 47 54 39 33
C. i1 1 3 2 IC. reimhwdtii

C.biacm 13 3
C. gallicus 3 2 1 2 2 3
C C.seratm 6 6 2
Cyli-dralithus sp. I I1

I Cylindralithus slip. indet.

D.ignoaaa 14 25 4 24 35 14 23 37 44 22 17
E ehamu,
E. paallehka 3 3 3 1 3 2 9 2 I
E.. uabeculana 1 2 1 1 4 1
E. rmaeiffelii 9 12 7 15 23 22 22 14 29 26 16Ericsoma sp, 5 6 1 2 1 2 1 3 6

Garmmego app.
G. tema 3 3 6 10 7 14 1 2 11 6 4

K. magnificucm 1 2 2 4 6 2 3 P PIUthmmnam app. 5 3 3 4 6 6 4 5 5 6 6

Lw carmomma 4 11 12 9 8 4 1 10 5 2
L prosopecunatus

L L •meqad•sam 1 10 2 6 8 9 9 9 1
L qtmdmm

Uthraph"iinQsp I
L cayeuzai IUM. pimaewde I I I I 1 1 3LM meaymlt
M. owa
M. isivers

M. bdsacu . I
M. I I - 38 46 62 49 2 . , " 22 30 19 2, 46
M. pmainm 1 1 2M. ww

M. d pnm=i

I
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55 56 57 58 59 60 61 62 63 64 65
DSDP Hole 217 217 217 217 217 217 217 217 217 217 217 217
Com.-Secdo 204 20-4 20-4 20-4 204 20-4 21-2 21-4 22-1 22-3 23-2
cm-level 30 39-40 59-60 80-81 99-100 119-120 32-34 15-17 56-57 32-33 64-65
Depth (mbsf) 454-30 454.39 454.S9 454.80 454.99 455.19 460.82 463.65 469.06 471.82 480.14

Miclia? sp,

N. fmpm m 1 I I 2 1 4 1
P. embiegai 1
P. repiwis 28 25 13 25 22 24 48 60 19 19 17
P. copuanm 2 1 P 1
P. bm i . 2 1 4 3
P. fibulifermls 11 30 5 27 17 20 11 12 18 7 31
P. sigmoid. 1 1
Pwaeoyg- sp 2 5 4 13 3 6 3 10 5 1 3
P. atkhangekkyi. . . . . . .

P.c teama 66 89 32 64 50 67 69 125 97 82 80
P. spiaa 2 9 4 7 4 4 9 6 7 5 11
P. grmdia 2 2 4
P. stoven 5 8 3 7 8 9 2 11 11 7 10
Q. garten
R. aff. anthopboans 1
R. levis 1
R. anqgust 2 1 1 4 1 2 1
R.memnfmii 2 1 1 1 4
R.s aeadem 2 6 1 7 1 2 1 8 2
Rhagodiscusp- 1 2 2
RiaagodiLcm &pp. iandet 3 2
ScampmU.sl pp.

S. fosili. 1
S. lafeil.
Saspamolithion sa. 7 2 1 2 1 2
T. suudaxn

T. ethrom
T. dsoom 2 1 4 2 1 2 5 8 1 2
"Thoracospbwaes &pp. 1 1 3 3 10 1 1 1
T. madeodae 2 1 2 2 1
T. plcelostu. 1 1
Vagapapilua spp. I I I I
W. banuse 130 114 56 93 68 79 89 101 101 113 38
W. biparta 2 1 1 1
7. compmctu
Z. laa-umn 1 I 1 1 2 P 1
Zygodisca p. 1 1 3 4 2 3 2 2 2
Unidenatfiable 2 9 4 7 16 4 6 8 23 5 3
Sum (excl. M. tamur.) 498 624 379 548 472 505 525 648 689 519 442
Miaala stamopbmr 82 79 144 72 64 83 97 60 39 81 78
Sm of M. saw. oumuau 576 703 523 620 536 588 621 708 728 598 520
Fields of M. staw. coumn 20.0 20.0 30.0 20.0 20.0 22.0 20.0 20.0 20.0 20.0 21.0
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DSP ol 2766 67 68
DSPHle27217 217 217

come-sectjoa 23-4 24-2 24-43cmk-leve 53-S4 51-53 32-33
Depth (inbat) 483,03 489.51 492.32
Age (Ma) 70.323 70.733 70.911
Sod. Rale (m/M.y.) 15.81 15.81 15.8
Cazboaat (wt-%) mnd. a.d. 86.7
Ptelematio M M-P M.P
Abuodance A A A
FiedW& re 20.0 21.0 20.03mg *"ewdusea d 20.9 21.6 21.5

A. octoqadisa 10 17 9
Arkhangehiciellaapp. 15 16 10
Biscianucm s 16 8 16
a. ougnum I 1 I
B.notactalum 2 1
Bmcuuun sp. 1 5 8 15
Brmamom *pp, 5 7 2
AikhangdBroinaomm
C d actlem 2 8

C. e- mhiponbu24 1
C.M angibfmh~

C agucoeaca t 24 3120

3Cfetuababduia app. indeL. 2 1 2

C bjagcus 7 33C Cgalfcum
Cservants I
Cyliadsaiitbus ap. I I
Cyliidaulhus app. mdet. 1 4
D. igooiua 41 30 47I E. eximius
E. pesahlus I 1 3
E. tabscuiatu 2 2
E. wumaeifelii 10 20 32
Evicsmcaasp. 2 1
Gafmuago app6
G. fmuta 7 8 12

UUthutnum. &pp. 9 5 5

3 ~~ Lpeaquadam I

LdvpithaluaM) ap.1I
L cayemxna

* M:M. p==SkW"d

M.beigcmm

M. decoeaaa 55 5 38

M. ~nsau

M.dIii
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66 67 68
DD~PHole 217 217 217 217
Core-Sectijo 23-4 24-2 24-4
cm-lommel 53-54 51-S3 32-33
Depth (ubaf) 48103 489.51 49232

Micuda? op
N. heUema
P. embergeri
P. emahaiz 18 28 28
P. copalwais I
P. bassonj 1
P. fibuljfoqmis 15 22 22
P. sg -od
Pwaoorygiuso. 3 3 4
P. Ukhangelalcyi 1
P. cretces 55 95 88
P. spinsa 14 8 15
P. grandis 2 3 4
P. skwver 3 18 1s
0. gartmen
R. aff. anthopbonaa 4
R. levis 4
R anguatus 1 1
R-memiformia 1 1
R. spleadeua 2 2 5
Rhagodhwaci W I
Rbagodisai s pp. inde
Scampaiwlia &pp.
S. fawldE
S. laffi"s
Stepbanoladmion app.
T. straduch
T. etbemo.
T. decorus 4 1 6
Thotacapbae app.
T. maclaodae 2
T. phocehasus 1 2
Vaglaspsl~ $pp. 3 6 1
W. bmnsae 48 33 58
W. biport I
7- compaims 1 3 6
7-Lacimatus 1 I
Zygodaacs op. 1 . . 2
Unideautmable 7 7 8
sumn (ecl. M. alaur.) 437 4.46 531
Micuala smauropora 66 93 100
Sm at oM. staur. counts 503 539 631
Fields of M. stawn. counats 20.0 21.0 20.0
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Millens Ferr
Sanage Nunber 99 96 92 91 87 83 81 78 75 71 69

cmbelowlabove K/P bounciay -234 .2m -213 -210 .198 -186 -180 .171 -162 -150 -14"
Praesiano G M M.P M-G M-G P G P.M M-O M-G M-Gn~zbvrot fieldscoze 90 42 40 30 26 57 33 40 24 37 28

ArhUekWl i B2~ axnwp. 6 8 39 17 14 12 47 11 0 2 13
B. map=
a. noucaajmi
Baaatmmzsp. 1 8 4 2 1 1 2 3 1 2 1 1
Elaacadpboars bigeiowii I I
Cerstolatbm kabmsni 6 3. . .

aualWtygsammphspom 10 2.3 S 7 5 6 9 8 6 2D

C aul4 3 6 21

Chaoygax~umadst 1 2 3 1 3 3
Dcthalldmonxgnoum 11 7 13 11 4 10 8 6 95 18

EiftcIadm.zura sp . 4I
ExtwuhabLtel &pp 13 16 15 12 26 135 10 17 16
C~mribrw atmla? dafac 

2
4 4heb i 39 12 9 1 17 2 38 4 27 5 51

Clinr~uapeciath 8p 1 2 1 1 3Lmaxubdusgntum 63 25 2 13 311 11to a b 1 m
FifLq ichs paicn u 213 4 3 4 1 1 65 3 2

E. aniveclac. 36 11 3 45 4 2 61 2

1apm~ 2aru 4 1

MUdwapatudts 1 6 3 6 1 4 47

LNgru nahatr~umj 2 1 3
Lpartiadsatumrgin 23 11 3 2 2 3 3 1 5 4 13 10
L Wacimsa~Idj 41 34 1 3

2aaiei 1p 6 3 10

LMprkhsaep
Mardmen tesm 2 4 3 1 2 1 2

Teeaxorubduu beegaw 5 2 1 1 2 24 1 2
M. d~eocc1. M.s~ax~a 90 25 51 31 24 24 35 62 32 35 72

MParabdlithsawcplam 247 75 92 27 69 31 30 38 33 27 10
Swicygm fibuM.stam'poru)s 34 3 35 3555 1

I.sgmle
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MillrsFerr
Sample Number 66 63 58 54 51 48 44 41 36 32 277
cm belowaboveK/P boundary -135 -123 -111 -99 -90 -81 -69 -60 -45 -33 -26
Presration ~ P.M M-G M-G P M-G M P P.M M %I P
rnuberotf feldscounted 40 18 21 55 39 45 91 64 43 36 52
Agua2ticamrellitusw aflyden 1 1 1
AAbzt mittp s i aaad Broinvonts pp. 27 18 12 25 19 9 18 17 24 21 23

B. anu
B. notwWjsu. 1 3 2 2 1 1
Buiaaaittsp. 1 - 3 3 3 8 5 1 6 3 1
Bragrudospheri bigelowvin.e

Ch--uYg- aM~pom 7 9. 5 6 6 10 9 14 15 9 9
C- ganmacz I
Cazastyg Ap. 1 2 1.1
Cro~iathion emirui 6 12 6 6 2 2 1 1 4 3 1
Cfttarbsabfcowa 4 7 2 1 6 4 1 5 2 2
C. cremawhan I I
Cietinhbdus p.1 I -
Ciatatbdusapp. ndet. 4 7 8 6 1 4 4 4 6 5 6
Cribrosphaerella? daniae
C chinveri"1 30 46 50 52 45 33 68 77 86 99 122
Cyclageloshavr $pp.
Cyusldrltus app, 3 2 2 3 2 1 4 2 2 2
Duetootabdusigm: 8o 6 18 22 3 20 26 4 28 36 32 2
Eafiftchtus praiselus 3 3 7 1 5 2 2 2 1 1
E tabecuilatus 1 4 7 4 4 3 1 4 3 2 1
E. turrimffeli, 18 20 20 11 23 15 12 9 35 36 23
Kamnpaemie magnificus.
L-dadphidites eamnolensis 3 1 5 2
L gossopecowtus 5 1 -I

L pmequadrauu 1 8 10 5 2 2 8 12 6 5 1
L Wadrauam 1 1 1 3 2 2 1 2 2

MNVMIaISel sp.1

Maftwentes inconspmtscu. 1 1 4 1 1 11
Micrortbdulusbelgicus 2 5 3 3 2 2 1 3
M. dworatus 7 22 5 12 10 1 9 .1 9 6 19
Miajila mwnis
M. pnrsii
NephroIifhn frequens
Parhabdlaisthuregulans S 8 4 5 4 7 S 11 15 4
Percvalia pontifismi
Placcygusfibuliformts 3 3 6 3 9 2 1 Q 13 5 6
P. Isigoudes
Plaoczygwa pp. inde. 2 7 5 6 3 2 8 5 3
Prediscamphaeaaauaca 22 37 32 16 23 20 14 31 21 43 23
P. pirims 5 8 4 2 1 1 2 3
P. gstamn 38 41 40 26 22 25 19 27 10 is 12
Rhagodiscus angwusa S 17 20 1 12 9 2 7 18 25 1

R. renformins 5 1 1 2
R.splende. nI

Riingoicusa~md 1XC 1
Rhowbohiumgiw rtimbicus 2 1 1
Stauroiduted Ialfftta, 1 4 4 -1 6 7
Seuplnaidwaoaupp. 4 4 6 5 7 4 4 6 5 3
Tem'uodortubdusdecorum 1 1 1 2 3 1 2 1 1
Thoniswspuiaaaspp. 15 4 2 20 16 22 33 44 10 16 29
Trmanidius aw-lodat 4 5 3 2 2 3 5 3 3
Vagaiapilia $pp. 3 13 2 4 3 12 6 5 6 5
Wam biamse s0 56 55 43 72 90 75 124 125 96 70
Zygoduscus dipiogrammmus
Z.laciamw I I1
Unidentifiable 11 4 S 4 24 19 Q 22 1
Sum (exci. M. stauraphora) 293 4016 362 282 362 137 324 3441 4,h 479 362
?MAauzaixqinCMr 64 32 37 74 47 41 116 58 63 59 122
Sum find. M. uaurophora) 357 438 399 356 409 378 4403 549 528 538 484
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MUmn Ferry
San&*e N.nbe 22 12 3
- belo-tboveK/P bmxdsty -21 -11 -2

Preteunaac M M G
n~mbcr of fields c~mxud 50 34 72
AnSWMimatujlifts anyden
ArkhmMkfng s e~and &mnsoniasjpp 8 7 28

B. cmam

not-acuum 1 3
Bwiaamanap 1 9 5 19
Bmatdmpua I bgeiowu 1
CagutaId~m kamalenegI Qaaata gw mpauom 3 8 37

CaUttabdz ama 2 2 25

Ciuatiabdws sp.Caijn 2

CtOMabý $pp* aodeL 4 2 3
Cnibwphumlia? datuae
C- ebaenbwgii 89 75 283

Diaantiabdwigno1 21 24 241
Eaffeliidhim pfarlel5h
E Wabeeulwm 2 4 10
E. wbfmnffelai 9 10 46
Kawmmueus uagnafcma
LdIlpxupdites anwolmala 1 1 3
L gotpaqewamcw 1 6
L pacqua&~&u 6 10 21
L qpxkaus 2 2 11
iAWmtabdhxus coya~nt
manivitell Sp.1

IManhastentea belganspcu

M. dooom10 19 2
Mic..Ia miunu
M. pniul

I Peeravalia powlidurm

Plaanyguz fibulilormia 4 1 35
P. Alpzaood 3
Placazygus &pp. indet. 2 3
Predaamphaem creacace 20 18 91
P. piosa 7 1 28
P. Stoven 23 30 86
Riugodascuanw~w" 1 11 61
ILuper
R-mnijormis 3 9

Rlhmbodithium itombbum2

Stusrafidutga afe 1 3 1

Tb-oW- qiampp. 18 17 20
Trelidiftamaejodae 1 2 13
Vagalapfill $pp. 1 4 15
Wam 4gaa 40 34 217
Zygodaa diplogranmmmi 2

Unidennfiable 114
Sum (excl. M. stawuhra, I 3V4 324 1496
Mscuz uaumpphor2 65 68 127
Sum (cin. M. stauwoplora) 369 392 1623
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